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(57) Abstract 

A DNA pdymetase having an amino add sequenoD comprising snbstaotiaUy ihe same amino add seqaeooe as ttiat of Thennus 
eupumcus or Thermus flavus DNA polymerase, excloding the N-temnnal 280 anuoo add residues of Thennus aquatkus DNA polymetase ot 
the N-tenninal 279 amino add leddues of Thermusflavus DNA polymerase, leoonlnBant DNA sequences encoifiqg said DNA polymerases, 
vectDcs comprising said DNA sequences, and host ceUs ccntaining sixrh vectois. A finmulatkm of thermostable or other DNA polymerases 
comprising a majorily oon^oneot conqnised of at least one themoostable or odkcr DNA polymeiasc of the ^pe described above, wherein 
the DNA polymerase lacks 3*-cxonuclease activity, and a minori^ coaqKment oooqaised of at least one themoostable DNA polymerase 
exhibiting 3*-e3umndease activiQf , and an improved method for enzymatic extennon of DNA stmnds, espedally while, but not hmited 
to, anqdifying nucleic add sequences by polymerase cham reaction wherein the above fbmiulation is made and used to catalyse primer 
extension, are also provided. 
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1 

DNA POLYMERASES WITH ENHANCED THERMOSTABILIT Y AND ENHANCED 
LENGTH AND EFFICIENCY OF PRIMER EXTENSION 



BACKCaROUND OF THE INVENHON 

Hie present inventiQii is directed to DNA polymerases, and more particularly, to a 
5 novel mutation of Thermus aquaticus and Tbenmis flavus DNA poljrnmases exhibiting enhanced 

diennostability over any fonn of &ese en^^mes now known. The invention is also directed to recom- 
binant DNA sequences encoding such DNA polymerases, and vector plasmids and host cells sutable 
for the expresdon of these recombinant DNA sequences. Ihe invention is also directed to a novel 
formulation of die DNA polymerases of die present inveaticm and other DNA polymerases, whidi 
10 formulation of eosymes is capable of efficiently catalyzing the anq>lification by PGR (the polymerase 
chain reaction) of unusually long and faidiful products. 

DNA polymerase obtained from the hot springs bacterium Thermus aquaticus (Taq 
DNA polyuKrase) has been demonstrated to be quite useful in anq)lification of DNA, in DNA 
sequendng, and in related DNA primer extendon techniques because it is diermostable. Ihermostable 
15 is defined herein as having the ability to widistand tenqimtures up to 95oC for many minutes without 
becoming irreversibly ^^m^^r^, and the ability to polymerize DNA at high temperatures (60** to 75** 
C). The DNA and amino add sequences described by Lawyer et al.. J. BioL Qiem. 264:6427 
(1989), GenBank Accession No. J04639, define die gene encoding Thennus aquaticus DNA 
polymerase and die en^me Thermus aquaticus DNA polymerase as those terms are used in this 
20 application. Ihe highly similar DNA polymmse (Tfl DNA polymmse) esqyressed fay die closdy 
related bactmum Thermus flgvns is defined by die DNA and amino add sequences des^bed by 
Akhmetganov, A. A., and Vakhitov, V.A. (1992) Nucleic Adds Research 20:5S39, GenBank 
Accession No. X66105. These eu^mes are representative of a fenuly of DNA polymerases, also 
including Thermus thCTmophilus DNA polymerase, which are thermostable. These eoiymss lack a 3^- 
25 exonuclease activi^ such as diat which is effective for editing purposes in DNA polymmses sudi as 
E. coli DNA polymerase I, and phages T7, T3, and T4 DNA polymerases. 

Gel&nd et al. . U.S. Patent 4,889,818 describe a wild-^pe (abbreviation used hm: 
WT), native Thermus aquaticus DNA polymraase. Gel&nd et al. > U.S. Pat^t 5,0793^2 describe a 
recombinant DNA sequence wtdch encodes a mutdn of Thermus aquaticus DNA polym^ase from 
30 whidi die N-terminal 289 amino adds of Thermus aquaticus DNA polymmse have been deleted 

(daim 3 of *352, commercial name Stoffd Fragment, abbreviation used here: ST), and a recombinant 
DNA sequence whidi encodes a nmtein of Thermus aquaticus DNA polymerase from wMch the 
N-tenninal 3 andno acids of Themnis aquaticus DNA polymerase have been ddeted (claim 4 of *352, 
trade name AnqiliTaq, abbreviation used here: AT). Gdfiand et al, r^>ort thdr mutdns to be 'fully 
35 active" in assays for DNA polym^ase, but data as to didr maximum thermostability is not presented. 



The devdopment of othra* em^matically active mutein derivatives of Thermus 
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aquaticus DNA polymerase is hasapmd, however, by the unpredictability of the iixq>act of any 
particular modificatioii on the structural and functional characteristics of the protein. Many fectors, 
including potential disruption of critical bonding and folding patterns, must be considered in modifying 
an aaymt and the DNA for nxprcsAon. A significant problem associated with die creation of 
5 terminal deletion mutdns of i j^.h-t0[I^)mtu^B Thymus aquaticus DNA polymerase is ttie prospect that 
the andno-tmninus of tiie new protein may become wildly disordned in the higher temperature 
ranges, causing unfovorable interactions with die catalytic domaih(s) of die protein, and resulting in 
denaturation. In fact, a few ddetions have been constructed which appear to leave the identifiable 
domain for DNA polym»ase intact, yet none of these deletions have thmnostability at tenq>eratures as 

10 high as 99^ C. While Thermus aquadais DNA polymmse has shown remarkable diermostabili^ at 
mudi higher t«iq>mtures dian that exhibited by other DNA polymerases, it loses en^matic activity 
when exposed to tmiq)eratures above 95-97oC. Moreover, its fiddity at 72oC (the recommended 
tenq^erature for DNA synthesis) is limited to an effective mor rate of approximately 1/9000 bp. 
Gelfand d al/ s mutdn ST of Thermus aquaticus DNA polymmse (widi an N-terminal 289 a.a. 

15 ddetion) is significantly more stable than AT, but ST exhibits significandy decreased activity when 

cycled to 98^0, and much less, if any, activity when cycled to 99oC, during the denaturation phase of 
PGR cycles. 

Anqilification of DNA spans by die polymerase chain reaction (PGR) has become an 
inqx>rtant and widespread tool of goietic analyds since the intro-duction of dieimostable Taq DNA 

20 polymerase for its catalysis. Two limitations to prior art mediods of PQl are the fidelity of die final 
product and the size of the product span diat can be amplified. The fidelity problem has been partially 
addressed by the replacement of Taq DNA polymerase by Pfu (Pyrococcus fiiriosus) DNA 
polymerase, which exhibits an integral 3*-(editiiig) excmuclease diat iq)pareatly reduces the 
mutations/bp/(^cle from about 10^ to about 10^. However, experiments suggest diat this enzyme is 

25 unable to amplify c^tun DNA sequences in die size range of 1 .5 to 2 kb that Klentaq-278 (also 

known as Klentaql) (N-tmninal deletion of Taq DNA polymerase; WMB lu^mblished) or Anq)liTaq 
(fuU-leagdi Taq DNA polymerase; ref. 3) can an^^lify handily, and that Pfu is no more able Q.e. not 
able) to anq>lify DNA product spans in excess of 5-7 kb than is any form of Taq DNA polymmse. 
For fuU-lengdi Taq DNA Polymerase and for N-tenninally truncated variants Klentaq-278, Klaitaq5 

30 and Stofiel Fragment, PGR anq>lification apparendy rq>idly becomes ineffident or non-existent as the 
leogdi of the target span exceeds 5-6 kb. This was shown even when 30 minutes was used during the 
extension step of each cycle. 

Aldiough diere are several rqxnrts of inefficient but detectable aDq>lification at 9-10 
kb target length and one at 15 kb, most general iq)plications are limited to 5 kb. 

35 Kainze et al. (Analytical Biochem. 202:46-49(1992)) report a PGR anqplification of 

over 10 kb: a 10.9 kb and a 15.6 kb product, utiliang an enzyme of impublished biolo^cal source 
(commocially available as "Hot Tvb" DNA polymerase). Kainze et al. tcpott achieving a barely 
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visible band at 15.6 kb after 30 cycles, staitmg with 1 ng of X DNA tenq>late per 100 ul of reaction 
volume. The effidency of this aiiq)lificatioii was shown to be rdativdy low, althougji a quantitative 
calculation of the efficiency was not presented. Atten^ts by Kainze et al. to make WT Thermus 
aquaticus DNA polymerase perfonn in the 10-15 kb size range wctc not successful, nor have 
5 successful results been rqx>rted by anyone else for any form of Thermus aouaticus DNA polym^ase 
in this size range. Hiere is no report of any Icmger DNA products an^>lifiable by PGR. 

A DNA polymerase whidi retains its diermostabilily at 98** or 99oC would allow 
more efficient and convenient DNA analy^ in several situations including "colony PGR" (see Hgure 
5), and/or allow thermal cycler ovoshoot without inactivation of the en:^me activity. A thennostable 
10 DNA polymnase or DNA polymerase formulation which exhibits inqmyved fiddity relative to AT or 
WT Hiermus aquaticus DNA polymeiase at optimimi taiQ>eratures for synthesis would be highly 
desirable for plications in which the target and product DNA is to be expressed radio' dian msrefy 
detected. 

A DNA polymerase formulation cqiable of efRci^t anq>lification of DNA spans in 
15 excess of 6 kb would significantly e^qxand the acop& of plications of PGR. For instance, whole 

plasmids, and constructs the size of wholt plasmids, could be prepared with this method, whidi would 
be especially valuable in cases in wluch a portion of the DNA in question is toxic or inconqmtible with 
plasmid rq>licatiQn whm introduced into E. coli . If this thennostable DNA polymerase prq>aration 
simultaneously confmed increased fiddity to the PGR amplification, die resulting large products 
20 would be much more accurate, active and/or valuable in research and applications, especially in 
situations involving expresaon of the anqilifed sequence. If the thennostable DNA polymerase 
preparation allowed, in addition, more highly concentrated yidds of pure product, this would enhance 
the method of PGR to the point whoe it could be used more effectivdy to r^lace plasmid replication 
as a means to produce denred DNA fragments in quanti^. 



25 SUMMARY OF THE INVENTION 

Among the several objects of the invention, tiierefore, may be noted the provision of 
a DNA polynmBse which can survive meaningful repeated eiqxisure to teiDperatures of 99oG; die 
provimon of a higihly thmnostable DNA polymerase whidi exhibits g^tatet fiddity than Thermus 
aquaticus DNA polymmse when utilized at standard Thermus aquaticus DNA polymerase extoision 

30 reaction tenq>eratures; the provimon of such a DNA polymerase wMdi is useful for PGR anq)lification 
techniques from DNA templates and from single colonies of R coli. ^gle^^tranded (linear) 
anq>lification of DNA, nucldc add sequencing, DNA restriction digest filling, DNA labelling, in vivo 
fbotprinting, and primer-directed mutagenesis, Furth^ objects of the invention incluxle die provision 
of recombinant DNA sequences, vectors and host cells whidi provide for the expression of sudi DNA 

35 polynmase. 

Additional objects include the provision of a formulation of DNA polymerase capable 
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of effidoitly catalyzing primer extension products of greater length than permitted by conventional 
formulations, including leogdis up to at least 35 kilobases, that reduces the mutagenicity generated by 
the PGR process^ particulariy in conqxarison widi prior art DNA polymerases and for any target 
lengths, that maximizes die yield of PGR target fragments and, ccmcoir. '^tly, mhances the inteaisity 
5 and sharpness of PGR product bands, wi&out ^gnificant sacrifice m fi vxiblity, specificity, and 

efGcieocy ; and the provifflon of an inqroved process for amplification by PGR whidi can be utilized 
to reliably synthesize micldc add sequences of greater lengdi and which can e^-:::ctivdy utilize PGR 
products as primers. 

Briefly, thnefore, the present invention is directed to a novel, recornbinant DNA 
10 sequence encoding a DNA polymerase having an amino acid sequence conqnising substantially the - 
same amino add sequence as the Thymus aquaticus or Thermus flavus DNA polymmse, excluding 
however die N-terminal 280 amino add residues of WT Thermus aquaticus or the N-tenninal 279 
amino adds of Thermus flavus DNA polymerase. 

Additionally, the present invention is directed to a DNA polymerase having an amino 
15 add sequence oonqnising substantially die same amino add sequence of the Thermus aquaticus or 
Thermus flavus DNA po]3anerase, but laddng die N-terminal 280 amino add residues of Thermus 
aquadcus DNA polymoase, or the N-tnminal 279 amino adds of Thermus flavus DNA polymerase. 

In a further embodiment, die present invention is directed to a novd formulation of 
diermostable DNA polymerases, induding a rmyority component conqnised of at least one 
20 diermostable DNA polymerase lacking 3*-exonudease activity and a minority conqKment comprised of 
at least one diermostable DNA pdiymerase exhibiting a 3*-(editing) exonuclease activity. 

The present invention is also directed to a fbnnulation of DNA polymmse whidi 
includes at least one DNA polymerase ^ch in wild-type form exhibits 3*-«uinudease activity and 
which is capable of catalyzing a tenq>erature cycle type polymmse diain reaction, wheidn die 3*- 
25 exomidease activity of said at least one DNA polymnase has been reduced to between about 0.2% 
and about 7%, of the 3*-exonudease activity of the at least one DNA polynnrase in its wDd-type 
form. 

In anodier aspect, a formulati<m of DNA polymerase comprising El and £2 is 
provided. El is one or more DNA polymerases which lack any significant 3^-exanudease activity, 
30 and £2 is one or more DNA polymerases which exhibit significant 3*-e(Xomidease activity. The 
nuxture provided has a rdative DNA polymmse unit ratio of £1 to £2 of at least about 4:1. 

The invention is fiirdier directed to an improvement in a process for an^ilification of 
nucldc add sequences by PGR wherein the inqnovemeot conqnises formulating DNA polymerase of 
the types described above. The formulation thereby created is used to catalyze primer extension 
35 during the PGR process, thus extending the qyplicable size range for efficient PGR anq)lification. 

DNA polymmses sudi as diose discussed in this i^lication are commonly 
conqx>sed of 19 to three identifiable and sqrarable domains of en^matic activity, in the f^ysical order 



! 
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from N-tenninal to C-terminal, of S'-exomiclease, 3*-exonuclea5e, DNA polymerase. Taq DNA 
polymefase has never had a 3*-exomiclease, but the invention in the first part is directed to a deletion 
of its5*-exoniiclease. Odier DNA polymerases mentioned, such as Pfu DNA polymerase, do not 
the 5*-exonuclease, but Adr 3^-exonudease function is central to ^ asptct of the invention directed 

5 to mixtures of DNA polymmses El (lacking significant 3'-ex0nuclease) and £2 (having 3'- 

exonuclease). In these mixtures, the presence of 5**exQnuclease in either £1 or £2 has not been 
^own to be essoitial to the primary advantages of the present invention. 

Other objects and features will be in part iqjparent and in part pointed out hereinafter. 
SUMMARY OF ABBREVIATIONS 

10 The listed aUreviations, as used hmin, are defined as follows: 

0 

AbbreviatioDs : 

bp = base pairs 

kb — kilobase; 1000 base pairs 

nt = nucleotides 

15 BME = beta-mopcfl^toethanol 

PPj = sodium pyrophosphate 
Pfu = Pyrococcus furiosus 

Taq — Thermus aquaticus 

Tfl = Thermus flavus 

20 Tli = Thermococcus literalis 

Klentaq-finn = N-terminally ddeted Thermus aquaticus DNA polymerase that starts 
with codon mm+1, aldiough that start codon and the next codon may not match the WT sequence 
because of alterations to the DNA sequence to produce a convenient restriction dte. 

WT = wihl-^pe (full lengdai) or del^on of only 3 aa 
25 aa = andiu> acid(s) 

ST . = Stoffel fragment, an N-tmninal ddetion of Thermus aquaticus DNA 
polymmse that could be named Klentaq-288. -LA = Long and 

Accurate; an unbalanced nuxture of two DNA polymerases, at least one laddng significant 3*- 
exonuclease activity and at least one exhibiting mgnificant 3*-exomiclease activity. 
30 PGR = (noun) 1. The Polymerase Chain Reaction 

2. One such reaction/anq>lification experiment. 3.(verb) To aiiq>lify via die 
polymerase diain reaction. 

ul =^ microliter(s) 

ATCC = American Type Culture Collection 
35 Meg^rimer = double-fitranded DNA PCR product used as 

primer in a subsequent PGR stage of a multi-step procedure. 
Deep Vent = DNA polymerase from Pyrococcus spedes GB-D; purified esayxm is 
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available from New Fn gland Biolabs. 

Deep Veat cxa- = mutant form of Deep Vent DNA polymerase lacking 3*(editing)- 

cxomiclease. 

Vent = DNA polymerase from Ibermococcos litoialis; purified en^me is available 
5 from New l^nglMwl Biolabs. 

Vent exo- = mutant form of Vent DNA polymCTse lacking 3*(editing)-exonuclease. 

Pfii = DNA polymmse firom P/rococcus furiosus lacking 3*(editing)-exQnuclease; 
purified en^me is available from Stiatagene Qoning System, Inc. 

Pfu exo- - mutant form of Pfii DNA polymerase ; purified ensyme is available from 
10 Stratagene ClcMiing Syst^ns, Inc. 

Scquenase ^ A diemically modified or a mutated form of pbage T7 or T3 DNA 
polymerase v^ierran ike modification or mutation eliminates the 3*-exonuclease activity. 
BRIEF DESCagPnON OF THE DRAWINGS 

Figure 1 dqpicts the nucleotide sequence of primm that can be used for amplification 
15 of the gene for a preferred onbodiment of the DNA polymerase of tfiis invention. The bulk of the 
DNA sequence for the gene (between the primm) and ttie resultant amino acid sequence of the 
en2yme> is defined by the indicated GenBank entiy. 

Hgure 2 dq>icts dte nucleotide sequmce of tiie same primers as in Figure 1, and 
shows that diese same primers can be used for amplification of the analogous gene from Thermus 
20 flavus . 

Hgure 3 b a photograph of an agarose gd depicting a PGR amplification reaction 
conducted using the prior art en^me Thermus amiaticus DNA polymerase (Anq>liTaq; AT) and a 
preferred embodiment of the DNA polymerase of this invention, tested wi& differing peak denatur- 
ation tmq>erature8 lasting a full 2 mm eadi for 20 cycles. FuU activity at 98 and partial but useful 

25 activity at 99*" is exhibited by the preferred embodiment of this invention, whilst AT is imable to 

withstand these temperatures. Figure 3 demonstrates that the en^me of the present invaition is more 
thermostable dian AT in a practical test — PGR amplification. 

Hgure 4 is a photograph of an agarose gd depicting a PGR an^>lification reaction 
conducted using 4 enzymes: the prior art enzyme Thermus aquaticus DNA polymerase (Anq>liTaq; 

30 AT); the DNA polymerase of diis invention (K2enTaq-278); the prior art en^me AmpliTaq Stoffel 
Fragmoit (ST); and KlenTaq-291. All were tested with PGR denaturaticm steps carried out at 9SoG 
(control standard tenqpmture), and at 98oG. All woe tested at two levels of enqrme/thc lower level 
bdng as close as practicable to the tnttiiTmifn necessary to support the reaction at the control 
tenq)erature. 

35 Note that both KleaTaq-291 and ST behave identically, losing most, but not all, of 

thdr activi^ when used at 98'' G, yet Kl^Taq-278 is at least twice as able to withstand use of die 
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highOT deaammdan temperature. AT is seen to be drastically reduced in effectiveness by exposure to 
98** C. Hie bebaviour of these aizymes is reproducible except for ST, which is at its best in die 
presented e3q>erinienty but performs more poorly when used in the amounts recommended by the 
manufacturer. 

5 Hgure 5 is a photogr^h of an agarose gel analysis of the products of colony PGR 

carried out at the standard peak denaturation tenq>erature of 95** C compaxed to the newly available 
temperature of 98*" C allowed by the enzyme of the present invention. Figure 5 demonstrates an 
application advantage of the use of the newly available peak denaturation tenq>erature. 

Hgure 6(A-C) is three photographs, each of an agarose gel on ^;^ch was loaded a 

10 portionof a testPCR ejqpoimeat. Figure 6 demonstrates die large increase in efficiency of large 
DNA span PGR achieved by variations of a preferred embodiment of the eniyme formulation of the 
invention. Althou^ KlenTaq-278 or Pfu DNA polymerase, alone, are diown to catalyze a low level 
of 6.6 kb PCR product formation, various combinations of die two are seen to be much more efKcirat. 
Lower and lower amounts of Pfii in coihbmation with iaentaq-278 are seen to be effective, down to 

15 the minimum presented, 1/640. Of diose shown, only a combination of Klaitaq-278 and Pfu can 
catalyze efficient anq>lification of 6.6 kb. Fn^ 100 ul, the indicated level of each en^me (see 
Methods, exanq>le 8, for unit cQncentrations) was used to catalyze PGR reactions teirq)lated with 19 ng 
^lac5 DNA and-primers MBL and MBR. 20 cycles of 94** 2 nun., 60" 2 nun., 72** 10 min. 

Hgure 7 is a ]Aotogniph of an agarose gel on which were analyzed the products of 

20 PCR e^q^eriments to test die pnfonnance of an embodiment of die invention in catalyzing die 

anq>lification of fragments even longer dian 6.6 kb. Hgure 7 demcmstrates the ability to amplify 8.4 
kb, 12.5 kb, 15 kb, and 18 kb widi hi^ efficiency and large yield, utiliziing die 1/640 ratio 
embodiment of die en^me formulation of the invoition. Target product ^ze is indicated above eadi 
lane as kb:. Level of ten^latepo* lOOul is mdicatedas ng X:. 20 or 30 cycles of PCR were each 2 

25 sec. 94**, 11 min. 70**. Tliese early aiiq>lifications were non-optimal in seveial respects coir9>aied to 
die current optimal procedure (see Mediods, exazople 8): duck-walled tubes were employed instead of 
diin, catalysis was by 1 ul KlentaqLA-64 (63:l::Klent8q-278:Pfu) instead of KlentaqLA-16, the 27mer 
primers were used (see Table 1) instead of longer primers, the extension/annealling temperature was 
70** instead of 68**, and the Onmigene dmmal ^cler was used. 

30 Hgure 8 is a bar gr^h enumerating the diffemces in the number of mutations 

introduced into a PGR product, die lacZ gene, by die near foU-lengdi prior art -3 miction of Themms 
aquaticus DNA polynmase, con^iared to die number of mutations introduced by KIentaq-278. 

Hgure 9 is a photogr^h of an agarose gd dqiicting a PGR anq>lificatiQn att^iQ>ted 
using a 384 bp megaprimei' (doublerstcanded PCR product) paired with a 43-mer oligonucleotide 

35 primer BtV5. P^ 100 ul of reaction volume, the foUowing enzymes (see Ex. 8, Mediods for unit 

concentrations) woe used to catalyze amplifications: lane 1, 1 ul Pfo DNA polymerase; lane 2, 1/16 
ul Pfii; lane 3, 1 ul Klentaq-278; lane 4, bodi enzymes togedior (1 ul Klentaq-278 + 1/16 ul Pfii). 
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Hifi 384 bp band near the bottom of the gel is the megqmmer, which was oiigiiially an^lified using 
Klentaq-278. XH3 = lambda DNA digested with Hindm. Hie only successful aiiq)lificadon resulted 
from the combination of the two ouymes (lane 4). Vent DNA polymmise could substitute for Pfu 
with the same result (data not shown). 
5 Hgure 10 is a ph0togrq)h of an agarose gd demonstrating ttiat 33mm are better 

dian 27mers. Per 100 ul of reaction volume, 2 ng (lanes 1-6) or 10 ng (knes 7-12) of lambda 
transducing phage ten^ilate were anqilified u^g 27m^ primm (lanes 1-3, 7-9) or 33mer primers 
(lanes 4-6, 10-12). Besides being longer, the 33mi^ lambda primer sequences were situated 100 bp to 
die left of primer MBL and 200 bp to die rigjit of primer MER on the lambda geaiome. KlentaqLA-lS 

10 in die amounts of 1.2, 1.4, and 1.6 ul was used to catalyze die anqilifications of 12.5, 15, and 18 kb, 
req)ectively. 15 ul aliquots (equival^ to 0.3 or 1.5 ng of X template) wne analyzed fay 0.8% 
agarose dectrophore^. 

Hgure 11 is a photograph of an agarose gd showing a CHEF pulse-fidd analysis 
(ref. 11,4 sec. switching time) of large PGR products amplified by KlentaqLA-16 (1.2 ul) imder 

15 condidons whidi were suboptimal widi respect to pH (unmodified PC2 haifet was used) and thermal 
cycler (Omnigoie). Starting ten9>late (see Table 1) was at 0.1 ngAil and the time at 68** m each cycle 
was 21 min. for products aver 20 kb, 13 min. for lanes 4 & 5, and 11 min. for lanes 11-14. Ibe 
volumes of PGR reacdon product loaded were adjusted to result in ^^proximately equal intensity; in 
ui: 12,12,4,2; 10,10,10; 2,2,4,1. The standard size lanes (S) show full-length >4>lac5 DNA (48645 

20 bp)nuxed widi a Hindm digest of X DNA. As for Table 1, die sizes in 5 figures are in base pa^ 

predicted from die primer positions on die sequence of ^lac5 DNA, and sizes witii dedmal pcnnts are 
in kb, as detmnined from diis gd. 

Figure 12 is a photografdi of an agarose gd depicting 28 kb and 35 kb products 
widiout (lanes and with (lanes 5,6) digestion fay restriction enzyme Hindm. Before Hindm 

25 digestion, die 28 kb product was an[q>lified widi 21 min. extension time per c^cle, and the 35 kb 

product was cycled with 24 min. extension times, bodi in the RoboCycl^ at optimum pH (see Ex. 8, 
Mediods). Lanes S (1,4,7) contain maikeis of undigested ^lac5 and Hindm-dtgested Xplac5 DNA. 

Figure 13 is a photograph of an agarose gd showing die results of a Pfu exo~ mutant 
test PGR a^^>lification of 8.4 kb by 30 units (0.7 ug) of Klentaq-278 alone (lanes 1,7) and in 

30 comUnation with a veiy small admixture (1/16 ul or 1/64 ul, equvalent to 1/6 or 1/25 unit) of 

ar ch aebacterial Pfu wild type exo'*' DNA polymerase (-)-; lanes 2,3) or a mutant thereof lacking die 3'- 
exonudease activity (-; lanes 4,5). Lane 6 is the result if 1 ul (2.5 units) of solely Pfu DNA 
polymerase (wt, exo'*') is casplayed, 

DESCRIPTION OF THE PREFERRED ENfBODIMENT 
35 Referring now to Figure I, the primers and logic for amplification fay PGR of the 

recombinant DNA sequence encoding a preferred embodiment of the DNA polymerase of the invention 
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(refened to hmin as Kleataq-278)» are set forth. As depicted in Hgure 1, an initiator mediionine and 
a glycine residue occtqyy the first two N-tCTiinal positions of KleQtaq-278, previously occupied by 
residues 279 and 280 of WT Themnis aquaticus DNA polynmase, followed by the amino acid 
sequence of wild-type Themnis aquaticus DNA polymerase^ beginning with the amino acid residue at 
5 position 281 as described by Lawyer al. The codons encoding amino add reddues 1 through 280 of 
Thernms aquaticus DNA polymerase are ttimfore deleted, and the amino adds 1 thru 280 are not 
present in the resulting gene product Another preferred embodiment of the DNA polymerase of the 
invention is depicted in Figure 2. In this embodiment, die same ddetion mutation described above is 
made to the hig^y analogous enzyme Hiermus flavus DNA polymnase. 

10 It will be appreciated that nnnor variations incorporated into the DNA encoding for, 

or the amino add sequence as described herdn, which retain substantially die amino acid sequence as 
set fordi above, and whidi do not significantly affect the diermostability of the polymerase are 
indiided within the scope of the invention. 

Surprisingly, the mutant DNA polymerase Klentaq-278 oddbits thermostability at 

15 tenq>eratures above diose reported for any previous variant of Themnis aquaticus DNA polymerase 
and has demonstrated a fidelity in final VCSL products wbidi is greater dian diat of WT Thermus 
aquaticus DNA polymerase, when both are utilized at the 72^ C tenq>mturBs recommended for DNA 
syntheas. Further, since KlentBq-278 does not have the 5*-exonuclease activity associated with 
Thermus aquaticus DNA polymmse (removed as a consequence of the N-terminal ddeticm), it is 

20 significantiy sq>mor to wild-type Thermus aquaticus DNA polymraase for DNA sequencing. 

Mutageneds results, and mismatched prim^ testmg, suggest that Klentaq-278 is less processive and is 
less likdy to extend a mi^raired base than wUd-type Thermus aquaticus DNA polymerase, 

Ihermostability tests with KlentBq-278, Stoffd Fragment (ST, alternative designation, 
Klentaq-288) and Klentaq-291 have been carried out The test used involves 20 PGR cycles widi a 

25 full 2 minutes eadi at the peak test temperature, such as 97** C, 98'' C, or 99^ C, and die intensity of 
die resulting an^lified bands is conqwed to 2 mimites at 97° C, or at a lower control denaturation 
tenqierature, such as 95** C (at which all of these variants are stable). These data indicate that ST and 
Klentaq-291 bdiave dmilariy, having thermolalnlity at 98° C diat is mmilar to each other yet distinct 
from Klentaq-278, which exhibits littie detectable thennolability at 98° C in these tests. These data 

30 suggest that die nnmber of N-tranina] amino adds is important to die enhanced diermostability 

exhibited by the DNA polymerase of the invention. Evidentiy deletions ST and Klentaq-291 are in a 
class which has removed too many amino adds (10 more and 13 more) for the optimum stability 
d^nonstrated by die invention Klentaq-278. 

The DNA polymerase from the bact^um sometimes designated Thermus flavus (and 

35 sometimes Thermus aquaticus — see ATCC catalog) is M^y homologous to the WT Themnis 

aquaticus DNA polymerase. In die region of the ddetions bdng discussed here, the en^mes and 
genes are exactly homologous, and it is believed that die differences between die pair ST, Klentaq-291 
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and the siq>erior Klentaq-278 would remain if the analogous deletions wm constnicted. bidec:^, the 
piiniefs in Hguie 2 could be used on Ihemnis flavus DNA to construct KlenTfl-277 in exactly the 
mamier described heiie for the constntction and isolation of Klei^ The Thenmis flavus DNA 
polymndise -277 en^me and variations Aereof whidi exhibit similar diennostability are tiierefoie also 
S widiin the scope of this invention. 

The invention also features a vector which includes a recombinant DNA sequence 
encoding a DNA polymnase comfinmng &b amino acid sequence of Thermua aauaticus or Themms 
flavus DNA polymerase, except that it adds a methionine and glycine residue at the N-terminal and 
excludes the N-t»minal 280 amino acids of wHd-tvpe Themms aquaticus DNA polymraase (see 
10 Lawyw et ai., supral , 

In pr^emd mibodimeots, tiie vector is that nucleic add present as plasmid 
pWB254b (SEQ ID N0:5) deposited as ATCX: No. 69244 or a host cell ocmtatning such a vector. 

In a related aspect, the invention features a purifled DNA polymnase having an 
amino add sequence as discussed above. As used herein, 'purified' means diat the polymerase of &e 
15 invention u isolated from a nuyori^ of host cell protons normally assodated witii it Prefmbly, 
pol3miCTse is at least 10% (w/w) of the protdn of a prqnration. Even more preferably, it is 
provided as a homogeneous preparation, e.g., a homogeneous solution. 

In general, die recombinant DNA sequence of the present inventicm is anqilified from 
a Thennus aquaticus genomic DNA or from a clone of the portion of the Thmmis aquaticus DNA 
20 poiy-merase gene which is larger dian the dedred span, using the polymmse chain reaction (PGR, 
Saiki et al., Sdence 239:487, 1988), enq>loying primm such as diose in Hgure 2 into which 
appropriate restriction sites have been incorporated for subsequent digestion. 

The recombinant DNA sequence is then cloned into an esqiression vector using 
procedures wdl known to those in this ait. Spedfic nucleotide sequences in die vector are cleaved by 
25 site-q>edfic restriction en^mes sudi as Ncol and Ifindm. Then, aft^ optional ftlVnlmft i^io^hatase 
treatmoit of die vector, the vector and targ^ fragment are ligated togedier widi die resulting insertion 
of die target codons in place aigacent to desired control and egqnession sequences. The particular 
vector CToployed will dq>end in part on die type of host cell chosen for use in gene esqnession. 
Typically, a host-conq>atible plasmid will be used contdning genes for roaricers such as anqiicillin or 
30 tetracycline resistance, and also containing suitable promoter and terminator sequences. 

In a prefe rred procedure, the recomlnnant DNA exprcs»(m sequence of die present 
invoition is cloned into plasmid pWB253 (expresses KlenTaq-235 deposited as ATCC No. 68431) or 
pWB250 (egresses ludfoase/NFm fusion), die backbone of which is pTAC2 (J.Majors, Wa^gton 
University), a pHR322 dmvative. The spedfic sequence of the resulting plasmid, ^^^gnntpd 
35 pWB254bisSEQIDNO:5. 

Bacteria, e.g., various strains of E, coli , and yeast, e.g.. Baker's yeast, are most 
frequendy used as host cells for ejqnession of DNA polymerase, aldiough techniques for using more 
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complex cdls are known. See, e.g., procedures for using plant cells described by D^icker, A., et 
al., J. Mol. ApdL G«i. (1982) 1:561. R coli host strain X7029, wild-type F, having deletion X74 
covning the lac openm is utilized in a prefered embodiment of die present invention. 

A host cell is transformed using a protocol designed specifically for the particular 
5 host cdl. For E. coli , a calcium treatment, Cohen, S.N., Proc. Natl. Acad. Sci. 69:2110 (1972), 
produces the transformation. Alternatively and more efficiently, electroporation of salt-free R coli is 
performed after die method of Dower et al. (1988), Nudec Acids Research 16:6127-6145. After 
transformation, the transformed hosts are sdected from odier bacteria based on diaracterisdcs acquired 
from die expression vector, such as airq)icillin resistance, and then die transformed colonies of bacteria 
10 are further screened for the ability to give rise to high levels of isopropylddogalactoside 

(IFrG)-lnduced thmnoslable DNA polymerase activity. Colcmies of transformed £. coli are dien 
grown in large quantity and e;qiression of Klentaq-278 DNA polym^ase is induced for isolation and 
purification. 

Although a variety of purification tediniques are known, all involve the steps of 
15 disruption of the E. coli ceils, inactivation and removal of native protnns and precipitation of nucleic 
acids. The DNA polymerase is separated by taking advantage of such charactm^cs as its weight 
(centrifugation), size (dialysis, gel-filtraticm chromatogra{^y), or charge Qpn-exdiange chroma- 
tography). Generally, conibmations of these techniques are enq>loyed together in die purification 
process. In a preferred process for purifying Klaitaq-278 the E. coli cells are weakened using 
20 lyso^me and the cells are iysed and neariy aU native protdns are denatured by heating die cell 

suq)ension rapidly to SO^C and incubatiiig at 80-81*^ C for 20 minutes. The su^>ension is then cooled 
and ceotrifuged to precipitate the denatured protdns. The siq>ematant (containing iaentaq-278) dien 
und^oes a hi^i-salt pofyethylene-imine treatment to precipitate nucldc adds. Centrifogation of die 
extract mnoves die micleic adds. Chromatogr^fay, preferably on a hepariiMigarose column, results in 
25 neariy pure cn^me. More detail of die isolation is set fordi below in Exaii^>le 3. 

The novel DNA polymmse of die present invention may be used in any process for 
whidi such an en^me may be advantageously en^loyed. In particular, diis en^me is usefol for PGR 
an[q)Iification techniques, nucleic add sequencing, cycle sequendng, DNA restriction digest labdling 
and blunting, DNA labdling, in vivo DNA fbotprinting, and primer-directed mutagenesis. 

30 ^Tfiplifiga Oiop 

Polymerase chain reaction (PGR) is a method for rapidly aiiq)lifying spedfic 
segments of DNA, in geometric progression, up to a million fold or more. See, e.g., MuUis U.S. 
Potent No. 4,683,202, which is incorporated herein by reference. The techruque relies on rq>eated 
<^des of DNA polymerase-catalyzed extension from a pair of primers widi homology to die 5* aid 
35 and to the compl^nent of die 3* end of die DNA segment to be anqilified. A key step in die process 
is die heat denaturing of die DNA primer extension products from thdr tra^lates to p^mit another 
round of arzq>Iification. The cpoable tenq>aature range for die denaturing step generally ranges from 
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about 93oC to about 95oC» which ineveraibly denatures most DNA polymerases, necessitatiDg the 
addition of more polymerase afW each denaturation cycle. However, no additional DNA polymerase 
needs to be added if thomostable DNA polymerases such as Tbermus aquaticus DNA polymerase are 
used, rince di^ arc able to retain fheir activity at temperatures ^^ch denature double-stranded nuclmc 
5 adds. As described in Exanq>le 4, below, Kleataq-278 has demonstrated the ability to survive 

meaningful repeated egqposure to tenqimtures of 99oC, higher than for any previously known DNA 
polymerase. 

Klentaq-278 has also been demonstrated to have a higher fidelity than wild-type 
Thermus aquaticus DNA polymmse at 72oC, the recommended synlhesb temperature. The data for 

10 this has been gathered by a mediod involving the PGR amplification of a lacZ DNA gene flanked by 
two sdectable markm [Barnes, W.M. (1992) Gene 112, 29-25]. Representative data comparing the 
preferred embodiment of diis invendon Klentaq-278 to AT and anofhtf analogous N-terminal deletion, 
Klentaq-235, is shown in figure 8, whidi demonstrates that different N-terminal deletions iqfmxhicibly 
exhibit differing fidelities as measured in the final PGR product 

15 Similar fidelity data for the enzyme ST is not available, since it is difficult for the 

commeidal preparadon of dus eniyme to catalyze PGR of the long test fragment (4.8 kb) used for this 
assay. It is not yet known whedier the difficulty with ST for diese ^cpeiiments is caused msnfy by 
formulation (its concentration is less, such diat 10-15 times more volume is necessaiy for a 2 kb PGR 
anqjlification, and for diese deleticms more en^me is needed for longn* target DNAs), or whether ST 

20 may be intrinsically unable to catalyze such a long-<aiget PGR amplification. 
DNA Sequencing 

Particular DNA sequences may be elucidated by the Sangu^ Method (Sanger, F., 
Nickien, S. and Coulson, AJR., DNA sequencing widi chain-tmninating inhibitors, 
Proc.NatAcad.Sci.USA, 74 (1977) 5463-5467), usmg dideoxy analogs. DNA polymmses are used 

25 in these methods to catalyze the exten^on of the niK^leic add chains. Howev^, in its natural form, 
Themms aquaticus DNA polymerase (like many oHna polymnases) indudes a domain for 
5*^onuclease activity. This assodated exonuclease activity can, under certain conditions induding 
the presence of a sligiht excess of enzyme or if excess incubation time is en^loyed, remove 1 to 3 
nucleotides from the 5^ end of the sequendng primer, cau^g each band in an alpha-labeUed 

30 sequencing gd to appear more or less as a multiplet If the labd of the sequendng gel is 5\ die 

exonuclease would not be able to cause multiplets, but it would instead reduce the signal. As a result 
of the ddetion of the N-terminal 280 amino add residues of Thermus aquaticus DNA polymerase, 
Klentaq-278 has no exonudease activity and it avoids the sequencing hazards caused by 5*-exonuclease 
activity. 

35 Klentaq-278 can be used efCectivdy in diermostable DNA polymerase DNA sequen- 

cing. There are basically two types of dideo?^ DNA sequendng that Klentaq-278 is good for — 
origina] Adeoxy (Sanger ^al. supra; Innis et al., Proc. Nati. Acad. ScL USA 85:9436, 1988) and 
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cyde sequendng. 

Iimis d al. describe a good procedure for dideoxy sequencing, but wh^ the WT 
Thermus aquaticus DNA polymerase is used this procedure is prone to doubled or tripled bands on tb& 
sequencing gd, as demonstrated in the patent applicaticm no. 07/594,631 whidi should be available to 
5 the cExaminer and which is incorporated herdn by reference. Klentaq-278 is as effective in curing this 
problem as the subject of that patent qiplication, Klentaq-235, a.k.a. DdtaTaq. 

The procedure recommended for orignal-type (non-cyded, Innis et al.) dideoxy 
sequencing with Klentaq-278 is that in the USB Taquence 2.0 dideoxy sequencing kit, the title page of 
whidi is q>pended to this application (Appendix 1) and the article is wholly incorporated by reference. 

10 The procedure recommended for cycle sequencmg is diat in the USB Cycle 

Sequendng Kit The title page of Ms procedure is qypended to diis plication (>^pendix 2) and the 

ardde is wholly incorporated by r^erence. 

OdierUses 

Klentaq-278 has also been used successfoUy for prima*-dirBcted mutagenesis, m vivo 
15 footprinting, DNA labelling and for prqiaration of ncm-sticky Lambda DNA fragment dze standards. 

These procedures are discussed bdow. 

Klentaq-278, e^>edally in the fonnulation Klrataq-LA (discussed below), can be 

used to extend site-qiedfic mutagenic primes) whidi are annealled to single-stranded tmplates. It 

substitutes for Klenow enzyme (the large fragment of E. coli DNA polymerase I) and T7 DNA poly- 
20 m^ase in this process, showing more primer sdectivity at 60^5oC than Klenow en2yme at 37oC, and 

working to conq>leti(Hi or sufHdent incorporation in 12 mins., as conjured to the one hour or more 

required for Klenow en^me. 

Klentaq-278 has also been shown to be useful (and superior to wild-tvpe^ Thermus 

aquaticus DNA polymerase) for the post-PCR labelling steps widi the third (second nested) primer m 
25 ligase-mediated, PCR-assisted, m vivo footprinting. I am indd>ted to I. Ghattas, Washington 

University, St. Louis, MO for ihis infbrmatiQn. These studies are dmilar to those of Grarritty ^ Wold 

(Canity, P. A., and Wold, B.J. (1992) EfTects of different DNA polymmses in ligation-mediated 

PGR: enhanced genomic sequencing and in vivo fboQmnting. Proc Nad Acad Sci U S A 89, 

1021-1025) 

30 Klentaq-278 is also useful for DNA labelling. For random primers, a lengdi of at 

least 9 nt is recommended, and preferably die reaction is warmed slowly (over 20-30 mins.) from 37 
to 65oC. Most preferably, a programmable heat block, using procedures wdl-known to those in diis 
art, is utilized for the DNA labelling. 

Anoth^ use of Klentaq-278 is for the prq>aration of Lambda DNA restriction digests 

35 that do not have the sticky ends partially studc together. As a result of includii^ Klentaq-278 and the 
four DNA dNTPs in widi a Hin din digest poformed at 55oC, bands 1 and 4 are not partially attached 
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to each other. 
Deposit 

Strain pWB254b/X7029 was dq)osited with the Am^can l>pe Ctiltme Collection, 
Maiyland, oa Fdmiaiy 18, 1993 and assigned the miinb»^ ATCC 69244. >^licant acknowledges his 
5 responsibility to replace diis culture diould it <fie before the end of tiie tern of a patent issued heieon, 
5 years after the last request for a culture, or 30 years, whichever is the longer, and its responsibility 
to notify the depository of the issuance of such a patent, at vMck tin^ die deposits will be mnHft 
available to the public. Until tfiat time the deposits will be made available to die Commissioner of 
Patents under the terms of 37 C.F.R. Section 1-14 nad 35 U.S.C. §112. 

10 In a fordier Bspoct of die invention a target lengdi limitation to PCR anq>Iification of 

DNA has been identified and addressed. Concomitantiy, the base pair fidelity, the ability to use PCR 
products as primers, and die maximum yield of taiget fragment were incaceased. Tliese inq>iovemrats 
were adiieved by the combination of a DNA polymerase lacking significant 3*-exonuclease activity, 
preforably, KlentBq-278, widi a low levd of a DNA polynmase exhibiting significant 3*^onuclease 

15 activity (for exaixq»le, Pfo, Vent, or Deep Vent). Surprisingly, target fragments of at lea^ 35 kb can 
be amplified to high yields from, for exanoqple, 1 ng lambda DNA tenqilate with diis system. 

Moreover, products in the range 6.6 to 8.4 kb can be efficieodv aQq>Iified by a 
formulation of thermostable DNA polymmses consi^ing of a m^ority corapcment conq>rised of at 
least one thermostable DNA polymerase laddng 3*-eguMiuclease activity and a minority componoit 

20 con^msed of at least one dimnostable DNA polym^ase exhibiting 3*-exonuclease activity. 

The prior art technology only allowed relativdy ineffident and sporadic an^tlification 
of fragments in this size range, resulting in only relatively foint product bands or no detectable product 
at all. In light of the current discoveiy, I believe I understand (without limiting n^self to any 
particular dieoiy) die reason for die inefBciency of the prior art It is believed tfaatThermus aouaticus 

25 DNA poljwimse and its variants are slow to extend a mismatched base pair (litduch diey cannot 
mnove since they lack any 3*-«xQnucleaae). A coiq>le of conqianies (New England Biolabs and 
Stratag^) have introduced thermostable enzymes which exhibit a 3'-<editiiig) exonuclease ^cfa 
should, one would think, allow the ronoval of mismatched bases to result in both efficient extension 
. and more accurately copied products. In practice, these two en^ix»s (Vent and Pfu DNA 

30 polymerase) are unreliable and mudi less effident than expected. One possible e^qilanation for the 

unreliability of diese enzymes for PCR is that die 3*-exonuclease oftm sqyparenOy attacks and partially 
degrades the primers so that litde or no PGR is pos^ble. Hiis primer attack probl^ is worse fbr 
some primers than c^m. It has been reported (Anonymous, The NEB Transcript, New England 
Biolabs, (Mardi, 1991} p. 4.) diat die Vent DNA polymerase leaves die 5* 15 nt intact, so diat if die 

35 annealling conditions allow that 15 nt to prime, PGR could presumably proceed. This would of course 
only allow annealling at lower, non-selective trai^ieratures, and die 5* 15 nt of die primers must be 
exacdy homologous to the template. 
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I hove discovered that die beneficial effects of a 3'-exoziuclease can be obtained with 
an imei3q)ectedly miniite presence of one or more DNA polymerases whidi exhibit significant (defined 
as being biochemicaUy assayable) 3*-exonuclease activity (hndn called "£2") such as certain 
Archaebacterial DNA polymerases, whilst efficient ^ctension is bdng catalyzed fay a large amount of 

5 one or more DNA polymerases whidi lac^ any significant 3*-exonuclease activity, such as Kleataq-278 
or AT (her^ called "El **). As a minority component of a formulation or mixture of DNA 
polymmses, Oie unreliability and inefficiency of die 3*-exonuclease DNA polymerase, discussed 
above, is substantially reduced or eliminated. Moreovea'^ since it is believed diat the 3*-exonudease is 
removing mismatches to diminate pausing at the mismatches, the resulting DNA exhibits few^ base 

10 pair changes, which is a valuable decrease in die mutagenicity of PGR widiout sacrificing flexibility, 
spedfidty, and efficiency. In fact, die combination, evoi for KlenTaq-278/Pfii units ratios as high as 
2000, exhibited greatly increased efficiency of anqplificadon. For most qyplications, the mixture of 
DNA polymmses must be at a relative DNA polymerase unit ratio of £1 to £2 of at least about 4: 1 , 
before enhnncfd product length and yield can be adiieved. When Pfu DNA polymerase was used in 

15 the formulatiQn, die ratio prefierably is in die range 80 to 1000 parts KleaTaq-278 p^ part (unit) Pfu, 
more preferably from about 150 to about 170:1, and most preferably, is about 160:1, depending 
somewhat on the primeiHemplate combination. Similar ratios are preferred for mixtures of Pfu and 
Klentaq-291. 

If Deep Vent is substituted for Pfu for use in combination widi Klaitaq-278 or -291 , 
20 die mo^ preferred ratios for roost applications iocreases to from about 450 to about 500: 1 £1 to £2; if 

full-leagdi (WT) Taq or An^litaq is included as £1, die most preferred ratio to Pfii or other £2 

component is between about 10 and about 15:1 of £1 to £2. 

£2 of the invention includes, but is not limited to, DNA polymmse encoded by 

genes from Pfu, Vent, Deep Vent, T7 coliphage, Tma, or a combination thereof. £1 of the invention 
25 includes, but is not limited to, a mutant, 3*-exonttclease n^ative form of an £2 DNA polymerase, or 

altemativdy, a DNA polymerase ^x^ch, in unmutated form, does not exhibit mgnificant 3*- 

exonuclease activity, such as the DNA polymerases racoded by genes from Taq, Tfl, or Tdi, or a 

combination diereof. 

As discussed below, die formulation of DNA polymerases of the present invention 
30 also includes formulations of DNA polymerase wh»dn £1 conqnises a revose transcriptase such as 
Sequenase. 

Additional »uuiq>les of the formulations of the present invention include mixtures 
wherein £1 oonqnises or consists of a nmtant or chenucal modification of T7 or T3 DNA polymerase 
and £2 comprises or consists of a wild-type T7 or T3 DNA polymerase, or, in anodier variation, £1 
35 comprises or consists of a Vent DNA polymerase lacking any significant 3*-exonuclease activity (sold 
by New £ngland Biolabs as Vent exo-) and £2 courses or consists of W&aX, 

The principal hoe discovmd, luunely the use of low levels of 3* exonuclease during 
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primer exteaosion by a DNA polymerase laddng 3' excmuclease, is explicable to gemml DNA 
polymerase piimer extensioiis, including normal tenqierature incubations (i.e. using non-thermostable 
DNA polymoases) and including reverse transcriptase en^mes, which are known to lack a 3*- 
(editing) exomiclease (Battnia & Loeb, 1976). An exanople of the fbrmo' is the use of Sequenase 
5 (exo-) as tiie majority en^ine» and wild-type T7 DNA polymoase (exo+) or Kloiow fragment as the 
minority conqxment An exanqple of tht latter is AMV (Avian Myoblastosis Virus) or MLV (Murine 
Leukemia >^ius) Revme Transcriptase as the major conq>onent» and Klenow fragment, T7 DNA 
polymerase, or a thermostable DNA polym^ase such as Pfii or Deep Veot as the minor conqxoneat. 
Because of (he lower activity of diermostable DNA polymerases at the traiqxmtures of 37 degrees and 

10 42 degrees used by these revme transniptases, hi^ier levels are likdy to be required than are used in 
PGR. Although Klenow fragment DNA polymerse is not a prefmed DNA polymerase using RNA as 
a template, it does function to recognize tfiis template (Kaikas, 1973; Gulati, Kacian & S^iegelman, 
1974), particularly in the presence of added Mn ion. Added Mn ion is routindy used to achieve 
reverse transtription by thermostable DNA polymerase Tlh, unfortunately Qn die prior art) without the 

IS benefit of an exo+ component. It must be stressed that for die use of die exo+ component for 

revme transcriptase reacdons, extra care must be taksa to ensure diatlhe exo+ component is entii^y 
free of contaminating RNAse. 

-Tbe foUowing references describe mediods known in die art for using reverse 
transcriptases, and are hereby incorporated by ref^ence. 

20 BattulaN. LoebLA. On die fidelity of DNA replication. Lack of 

exodeo3Qnibonuclease acdvity and errorcorrecting funcd<m in avian myddbla^osis virus DNA 
potymerase. Journal of Biolopcal Chenristry , 251(4):9S2-6» 1976 Feb 25. 

Gulad SC. Kacian DL. S^negelman S. CcHididons for using DNA polymmse I as 
an RN A-dependent DNA potymnase. Proceedings of the National Academy of Sciences of the United 

25 States of America . 71(4):1035-9, 1974 Apr. 

Kaikas JD. Reverse transcription by Esdierichia coli DNA polymerase I. Proc Natl 
Acad Sci U S A . 7(K12):3834-8, 1973 Dec. 

DNA Piolymenise vntti no polymerase activity^ only 3*-exonudease activity: 

While not limiting himsdf to a particular theory, ^licant believes diat the 

30 en^matic activity of value in die minor (E2) conqxment is die 3*^onuciease activity, not the DNA 
polymerase activity. In foct, it is further believed that diis DNA polymerase activity is potentially 
troublesome, leading to unwanted synthesis or less accurate syndieais under conditions optimized for 
die majority (El) DNA polymerase conqKment, not the minority one. As taught by [Bemad, Blanco 
and Salas (1990) SiteHlirected mutagenesis of die YCDTDS amino add motif of die phi 29 DNA 

35 polymerase. Gene 94:45-51.] who mutated the "Region I" DNA c<»iserved DNA polymerase motif of 
phi 29 DNA polymmse, eidio' Re^on m or Region I of die Pfu DNA polymerase gene are mutated, 
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wiuch. has been seqfuenced by [UemQri,T., Ishmo.Y., Toh,H., Asada,F. and KatoJ. Organization and 
nucleotide sequence of the DNA polymerase gene from die aichaeon Fyrococcus fiiriosus. Nucleic 
Adds Res. 21, 2S9-26S 0993)], 

Isk a fuxtfier embodiment of die present invention, a fbrmiilation of DNA polymerase 

5 is provided including or consisting of at least one DNA polymerase which, in wild-t/pe fonn, exhibits 
3*-exonuclease activity and which is capable of catalyzing a ten^>erature cycle type polymerase chain 
reaction in which the 3'-exomiclease activity of the one or more DNA polymerases discussed above 
has been reduced substantiaUy, but not eliminated. The diminiahed 3*-exonuclease activity is obtained 
by mutation, or by chraoical or odier means known to those in this art This formulation of DNA 

10 polymmse may dien be used to catalyze prim^ extension in PGR amplification. The Spanish 

researchers [Soengas, M.S., Estdxin, J. A., Lazaro, J.M. B^nad, S., Blasco, M. A.,.l Salas, M., and 
Blanco, L., Embo Journal 11:4227-4237 (1992)], stud|ying a distandy related DNA polymerase of die 
alpha class whidi includes Pfu, Vent and Deep Vent DNA polymeiases, also identified and 
demonstrated mnitaticm of the 3'-exomidease domain as well separated and easily avoided while one is 

15 mutating die DNA polymmse motif(s). In this same report, diey demcmstrate that die exomiclease 
can be reduced to 4-7% activity by a change of the consoved lyr residue to a Fhe or a Cys, whilst a 
reduction to only 0.1% activi^ is obtained by r^lacing die conserved Asp with Ala. For long and 
accurate PGR, tte optimum exo- (3*-exonudease negative) mutation to create in a thmaostable DNA 
polymerase such as Pfii, Vent or Deep Vent, is one that reduces but does not diminate die 

20 exonuclease, for instance a reduction to 0.2-7%, preferably, 0.5-7%, and most prefiBrably, 1-7% of 
die 3*-«XQnuclease activity of the wild-type DNA polymoase. 

As an alternative way to introduce the mutations (and as demonstrated for the Bt 
Oy V gene exanq>le above) Klentaq-LA, the current invention, is used to introduce die dianges into a 
small PGR product q>aniiing die DNA sequence coding for the two homologies REGION HI and 

25 REGION L The changes are chosen to change conserved amino adds in RECKON III and/or 

REGION I, using as a guide die cons^ed motife di^layed below with the aid of the MACAW 
computer program. 

I (data detaib not shown, but analogous to Exanq>le 1 above and readily carried out 
by one skilled in die art) have PCR-amplified die ORF of die Pfo DNA polymerase gene from Pfii 

30 DNA, using the sequence published by Uemoii et al (1993) as a guide. Analograsly to Exan^le 2 

above, I have cloned diis ORF into die same eiqnesnon vector as used for expresdon of Klentaq-278, 
and I have shown that the DNA polymerase can be purified by the same procedure as described here 
for Klentaq-278 in Example 3 aibove. 

As an altemative w^ (alternative to Soengas et al, siyra) to introduce die mutations 

35 (and as demonstrated for die Bt Cry V gm exan^le above) Klentaq-LA, the current invention, would 
be used to introduce the changes into a small PGR product q»anning the DNA sequence coding for die 
two homologies REGION III and REGION I. The changes would be diosen to change conserved 
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amino adds in REGION III and/or REGION I, using as a guide Che conserved modfe displayed below 
with the aid of the MACAW conqmter program. 

The following is numbered output from the coa^Hiter program MACAW, 
demonstrating two of the DNA polymerase consoved motifis. A useful presentation of these and other 
5 DNA polymerase motifs can also be found in F^er et al (1992) P.N.A.S. 89, 5577-5581. 

SEQIDNO:30 REGION m 

Fhi29 ^iaj4LNSLYGk£BSi^>dvtgkviorlkragalgfHgeeed^^ 435 



Pfu dyrqkaiKT J ANSFYGyygyakarwydcecaes VTA 516 

10 SEQIDNO:31 

SEQ ID NO:32 REGION I 

Fhi29 WARyttitaaqacyd — RIIYCSnDSIHLTgtdpdvikdivd^pkldgywah 485 

15 Pfu WGRloadvwkeleeilcfgfECVLYIimM^LYATipggesedk^ 576 
SEQ ID NO:33 

The following examples illustrate the invention. 

EXAMPLE 1 
Construction of an Expresnble Gene for KientaQ-278 
20 In order to construct the Klentaq-278 DNA polymerase gene having a recombinant 

DNA sequence shown as the nucleotide sequence of Figure 1, die following procedure was followed. 

The mutated gene was anq>lified firom 0.25 ug of total Thermus aquaticus DNA using 
the polymerase chain reacticm (PGR, Saiki et al., Sdence 239:487, 1988) primed by die two ^diedc 
DNA primers of Figure I. Primer KTl, SEQ ID NO:l, has homology to die wUd-type DNA starting 
25 at codon 280; this primer is designed to incorporate a Ncol site into the product anqplified DNA. 
Primer Klentaq32, SEQ ID NO:3, a 33mer spanning the stop codon on die odier strand of die 
wild-type gene encoding Thermus aquaticus DNA polymerase, and incorporating a HindlQ site and a 
double stc^ codon into the product DNA. 

The buffer for the PCR reaction was 20 n^ Tri^ HQ pH 8.55, 2.5 n^ MgCl^, 16 
30 n^ (NH4)2S04» 150 ug/nd BSA, and 200 1^ each dNTP. The cycle parameters were 2* 95o, 2' 
650, 5' 72o. 

In ord^ to mmimize the mutations introduced by PCR (Saild et al., supra\ only 16 
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cycles of PGR woe perfbrmed before phenol extraction, ethanol precipitation, and digestion with the 
restriction en^mes Ncol and Hmdm. 

— EXAMPLE 2 

Preparation of an Expression Vector 

5 Hie product Ncol and HindUI fragment was cloned into plasmid pWB254b which 

had been digested witti Ncol ^ Hind in, and calf intestine alkaline phosphatase. The backbone of this 
plasmid, previously dpsign«t»^ pTAC2 and obtained from J. Majors, carries the following elements in 
counter<:lodcwise directicm from the PvuJ I site of pER322 (an qsostrophe * designates that the 
direction of expression is dodcwise instead of counta* clockwise): a partial lacZ* sequence, lacF, 

10 lacPUVS (orientation not known), two copies of the tec promoter from PL Biochemicals 

FharmaciarLKB; catalog no. 27-4883), die T7 gene 10 promoter and start codon modified to consist of 
a Ncol site, a Hmdm site, die te^A terminator (PL no. 27-4884^1), an M13 origm of rq>licadon, and 
die ^mp*^ gene of pBR322. Expresaon of the cloned gene is expected to be induced by 0. 1 mM 
IPTG. 

15 Anq>icillin-resistant colonies arising from the cloning were assayed by the rangle 

colony tfaennostable DNA polymerase assay of Sagner et al. (1991) [GENE 97: 1 19-23] and 4 strong 
podtives wne sized by die toothpick assay (Barnes, Science 195:393, 1977). One of these, nimiber 
254.7, was of the expected size except for a smaU proportion of double insert. This plasmid was 
further purified by dectroporation into E. coli X7Q29 and screened for size fay the toothpick assay, 

20 and one plasmid of the expected aze widi no double insert contamination was designated pWB254b. 
Ibis plasmid was used for the production of KleQtaq-278 described herein. 

EXAMPl£3 
Purificadon of Large Amounts of Klentaq-278 
Plasmid pWB254 has a double (tandem rq>eat) tac promoter and the T7 gene 10 
25 lead^ sequence, an ATG start codtm, a glycine codon and then codons 280-832 of Thermus aquaticus 
DNA polymerase, then a tand^ pair of stop codons followed by the tip transcription tenninator. The 
pBR322-based plasmid vector (pTaC2 from John Majors) is anq>icillin resistant Ihe cells are grown 
on vety ridi medium (see bdow). Bacterial host X7029 is wild-type P R coli except for ddetion 
X74 of the lac operon. 

30 Medium: Per lit^ water, 100 rog ticardllin (added when cool), 10 g Y.E., 25 g. 

Tiyptone, 10 g. glucose, 1XM9 salts widi no Nad (42 mM Na2P04, 22 uM WIJK)^,19 uM NRjd). 
Do not autodave the glucose and the 10XM9 together; instead, autoclave one of them separately and 
mix in later. Adjust pH to 8 widi 5 M NaOH (about 1 ml). Add IFTG to 0.1 n^ at 

OD5S0 = 1 or 2, and diake well at 30* C. From OD = 2 iq) to 8 or 10, evciy half hour or so do the 

35 following: 
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1. Read the pH with pH sticks 5-10. Adjust to pH 8.5 with 5 M NaOH and swiriing 
(2 to 5 ml ^ liter) whatever die pH falls bdow 8. 

2. Read and record flie 00530, usually as a 1/10 or 1/50 dilution. 

3. This addition of glucose is optional and not necessarily of any value (evaluation of 
5 diis question is incon^>lete at dus time.) Read the glucose level with glucose sttdcs, and add an 

additional 0.5% (10 ml of 50%) if die level fells bdow 0.2%. 

If it is late, die cells can diake at 30"* C all night after die last pH adjustment. 
Altemativdy, set diem in die cold room if diey have not grown much in a few hours. 

Concentrate die cells e.g. by centrifiigation in a GS3 rotor for 8 Tninuteg at 8 kxpm. 
10 Pour off die supernatant and add culture to spin more down onto the same pdlets. 
Lyas: 

Resuspend the cdls in millilitm of TKfN buffer equal to twice die padced cdl 
weight m grams: (50 mM Tri»-Ha pH 8.55, 10 ixM MgCl^, 16 nM (NHJ^J. 

To eadi 300 ml of cdU suq>eosion add 60 mg tysozyme and incubate die cells at 

15 5-10*" C. widi occasional swirling for 15 minutes. Then add NP40 or Triton XlOO to 0.1 %, and 
Tween20to0.1%,by adding 1/100 volume of a solution of 10% in each. Then heat die cell 
suspension rapidly to 80** C. by swirling it in a boiling water badi» dien maintftin the cells (fast 
becoming an extract) ai 80-81** C for 20 minutes. Use a dean thennometer in die cells to measure 
te[iq>eratiue. Be sure the flask and bath are covmd, so that even die Hp of die flask gets the full heat 

20 treatment After diis treatment, whidi is «q>ected to have inactivated all but a handful of enzymes, 
cool the extract to 37** C. or lower in an ice bath and add 2 ml of protease inhibitor (100 mM PMSF 
in isopropanol). From diis point forward, try not to contact die prqmration widi any flask, stir bar, or 
other object or solution diat has not been autoclaved. (Detergents and BME are not autoclavable. The 
FEI and ammonium sulfete are also not autoclaved.) The purpose of die autoclaving is not only to 

25 avoid microbial contamination, but also to avoid contamination widi DNA or nucleases. 

Distribute into centrifuge botdes and centrifuge at 2** C. (for instance, 30 minutes 
at 15 krpm in a Sorval SS-34 rotor or 14 h at 4 krpm in a GS3 rotor). The su^)matant is dedgnated 
fraction I, and can be assayed for DNA polymerase activity. 
High-saH FEI predphation 

30 After raidering fractioii 1 0^ M in NaQ (add 14.6 g p^ lit^), add^ve percent 

Polymin-P (PEI, polyediylen&-imine, Sigma) dropwise with stirring on ice to predpitate nucldc acids. 
To detmxune that adequate Polynun-P has been added, and to avoid addition of more than die 
minimum amount necessaiy, test 1/2 ml of centrifuged extract by adding a drop of Polymin-P, and 
only if more predpitate forms, add more Folymin-P to die bulk extract, mix and retest. Put the test 

35 aliquots of extract back into the bulk without contamiimting it 

To confirm that enough FEI has been added, centrifuge 3 ml and aliquot the 
siq>ematant into 1/2 ml aliquots. Add 0, 2, 4, 6 or 10 ul of 5% PH. Shake, let sit on ice, and 
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cratrifuge in the cold. Load 15 ul of these aliquot superoatants onto an agarose gel containing ethidi- 
um bromide and electrophorese until the blue dye has travdled 2 cm. Inspect the gel on a UV ligiht 
box for detectable DNA or RNA in the siq)anatant For the bulk extract, use about 1/100 volume 
O-c- 2-3 ml for a 300 ml extract) excess 5% ¥El over ttie Tninimmn necessary to remove all DNA by 
5 the agarose gd test. 

Stir in the cold for at least 15 minutes. Centrifiigation of tiie extract then removes 
most of die nudeic adds. Keep the supernatant, avoiding any trace of the pdlet. 

Dilute die P£I sq)OTiatant with KTA buffer until the conductivity is reduced to at or 
below the ccmductivi^ of KTA buffer widi added 22 mM ammomum sulfate. (Oieck conductivity of 
10 1/40 diluticm conqmred to similar dilution of genuine 22 n^ A.S. in KTA.) Usually this is about a 5- 
fold dilution. 

Quomatognphy widi Bio-Rex 70 (used by Joyce & Grindl^) (Joyce, CM. & 
Grindley, N.D.E. (1^) Construction of a plasndd that overproduces tiie large proteolytic fragment 
(Klenow fragment) of DNA polymerase I of R coli . Proc. Natl. Acad. Sci. U.S.A. 80, 1S30-1S34) is 
15 unsuccessful (no binding), but unavoidable, smce widiout it, die next column (hqnrin agarose) wiU 
not work eflidently. We bdieve that the in^itant function of the Bio-Rex 70 step is to remove all 
excess FEI, although it is possible diat some protein is removed as wdl. CM-cellulose does not 
substitute for Bio-Rex 70. 

Pass the diluted PH supernatant through equilibrated Bio-Rex 70 (10 ml pec 100 g. 
20 cells). The polymnase activi^ flows through. Rinse the column widi 2 column volumes of 22 mM 
A.S. / KTA. Our procedure is to set die following heparin agarose column so diat the effluent 
from die Bio-REX 70 column flows ifirecdy onto it 

Hefkarin Agarose CSummatograpl^ (room traq»mture, but put fractions on ice as 

diey come off.) 

25 Load the Bio-Rex flow-through slowly onto heparin agarose (Sigma; 10 ml per 100 

grams of celb [this could be too litde heparin agarose].) Wash with several column volumes of KTA 
+ 22 mM A.S., dien three column volumes of KTA + 63% glycerol -h 11 tsM A.S., then elute die 
pure enzyme with KTA + 63% glycool + 222 n^ A.S. + 0.5% Thesit (this is more Ibedt for die 
final duate.) 

30 Pool the peak of polymerase activity or OD2go^(starts about at 2/3 of one column 

volume after 222 mM starts, and is about 2 column volumes wide). Store pool at -20** C. 

The storage buffer is a hybrid of, and a slight variation of, Anq>liTaq storage buffer 
as recommended by Pnkin-Elmer Cetus and Taq storage buffer used by Boehringer-Mannheim: 50% 
glycerol (v/v; 63 % w/v), 222 mM ammonium sulfate (diluted to about 50 for bendi-strengtfa sam- 
35 pies), 20 Tris-HCl pH 8.55,0. 1 HDTA, 10 rnM mnc^toedianol, 0.5% Thesit). 

The Thesit causes some thickening and cloudiness below -10*" C. This seems to 
cause no harm, but we suggest you warm die enzyme to 0*^ C. on ice before aliquoting for use. 
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Hiesit replaces the combinatian of 0.5% Triton-XlOO, 0.5% Tween 20, which you may want to 
consid^ as an altCTtative. 

We have had ^Kiradic rqtorts that freezmg can inactivate the en^me. 
ExMcise cauti<m in ttns regard. This question is under current investigation. Storage at -80*" 
5 (after quidc-cooling with liquid nitrogen) is being tested and looks promising, but more than 
one fre^se-diaw cyde has hem ddetmous to die etu^me preparation on some occasions. 

Our final yield of en^me from 7 liters (100 g cdis) was once 28 ml at a 
concentration of 120,000 units per ml (4 x bench-strength). 

1/4 ul of bencfa-strengdi enayme will support the PGR of a 2 kb span of 
10 DNA in a 100 ul reaction. Template is 5-10 ng of plasmid DNA. Each cycle consists of 1 
min 98*" C, 1 min 65*" C, 6 min 72" C. Cycle number is 16-20. Less enzyme is needed for 
smaller-sized products (1/8 ul for 500 hp) and more ea^me is needed for larger products (1 
ul for 5 kb). 
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KTA Buffer pa* liter 



20mMTris8.55 10 ml of 2^ 

lOmMBME 0.7 ml neat 

10% w/v Glycefol 100 g. 

O.lmMEDTA 0.2 ml of .5 M 

20 0.1 % w/v Tliesit 10 ml of 10% 



Roao iwration A . say 

IX ^^r (20 nM Tris-HQ pH 8.55. 2.5 n^MgClj, 

M (NH4)zS04, 100 ug/ml BSA) 
200-: u ml activated salmon spenn DNA 
25 40 uM each dNTP + 10-50 nCi o-^-dATP per ml 



To 25 ul assay mix on ice add 0.2 ul of enzyme fraction, undiluted, or 
diluted m 8 ul of 1XPC2 buffer (or a 1/5 or 1/25 dikition thereof.) Fr^>are standard Klentaq 
or Anq>lit^G:, z«o enzyme and total input sanq)les, also. Incubate 10 min. at 72** C, 
chili. Spot 5 or 8 ul onto filter paper and wash twice for 5 - 10 min. widi 5% TCA, 1% PP;. 
30 If pieces of paper were used, count eadi using Cerenkov radiation or hand monitor. If a 
single piece of 3 MM papa- was used, autorBdiognq)h for 60*. 
PGR Assay to give 2 kb product 

Make up 1 ml of PGR reaction containing 50 ng of plasmid pLc (a clone of 
an R color control cDNA from maize. PNAS 86:7092; Scioice 247:449), 200 pmoles each of 
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primere Lc5 (SEQ ID NO:ll) and Lc3 (SEQ ID N0:12), PC2 buffo and 200 lAl dNTPs, 
but no ea^me. 

Distribute 100 ul into tube ozie, and 50 ul into ^ rest of 8-10 tubes. Add 1 
ul of final pool of KlenTaq to tube cue and ndx. Then remove 50 ul to tube two and mix 
that, and so on down the series, which will then contain decreasing amounts of en^me in 
two-fold steps. Cover each 50 ul reaction with a drop of min^ oil, spin, and PGR 16 
<ycles at 2' 95** C, 2' 65** C, 5' 72** C. 
Final Bench-Strength KlenTaq-278 Emyme 

Using 63% glycool / KTA (.5% Ihesit) hafkr widi 222 mM ammonium 
sulfate, dilute the pool conservatively so diat 1/4 ul should easily catalyze the an^lification 
the 2 kb span by PGR. Do not decrease die ammonium sulfete concentration below 50 mM. 
&ore at -20** C. 

1EKAMPLE4 
DNA AmpHfic ^on 
As r^>orted in Hgwe 3, a PGR anq>lification assay to produce 2 kb of DNA 
product was conducted using Thenmis aquaticus DNA polymmse (An^liTaq) ^nior art 
DNA polymerase) and KleDtaq-278. To test polymerase tfaennostabili^ at elevated 
teno^ieratures, the DNA denaturatiott step of the PGR amplificaticm reactions wer& conducted 
for 2 min. at 97oC, 98oC and 99oG, re^>ectively , u^g graduated concentrations of DNA 
polymeiBse. 

The anq)liiicatiQn procedures used followed iqjproximately the protocol foir 
anq)lifying nucldc add sequences outlined by Saiki et al. . Sdence 239:487, 1988. A 1 ml 
reaction mixture was prepared containing 100 ng of plasmid pLG, 200 pmoles each of 
primers Lc5 (SEQ ID NO:ll) and Lc3 (SEQ ID NO: 12), reaction baSfa (20 mM Tris-HG 
pH 8.55, 16 mM ammonium sulfote, 2.5 mM MgCl} and 150 ug/ml BSA), 200 uM dNTFs, 
but no enzyme. 100 ul of the reacticm mixture was placed into tubes. Aliquots of Anq>liTaq 
and Klentaq-278 weto then added and 20 cycles of PGR undertaken. 

Hgure 3 shows the results of die experiment to conquire the practical 
diermostability limits. The only change between the 3 panels shown is the teiiQ)eratttre of the 
2 min. deoaturation step: 97** G, 98** G, or 99** G. A range of enzyme concentratiQns was 
used in order to be able to detea small effects on the effective PGR catalyos activity. The 
tenq>late was 10 ng of pLc (a clone of an R color ccmtrol cDNA from maize. PNAS 86:7092, 
Science 247:449). The primers were 1x5 (SEQ ID NO: 11) and Lc3 (SEQ ID NO: 12). Odier 
d^ls of the reactions are ^ven in die assay section of Example 3. 

It can be seen in this experiment diat 98** G was not detectably detrimental 
to KlenTaq-278, yet AT was neariy oompletdy inactivated by this temperature. 
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In the e9q>CTiinent shown in Figure 4, eadi of four eD2yines (AT, KleaTaq- 
278, Srr, and KlenTaq-291) was tested for thranostahiliQr at 98** C. Eadi'was tested in pairs 
of two concentratiQns diffenng by a fector of 2. The volumes of actual emyme prqiaratiQn 
are indicated above eadi lane in ul. The amount used was adjusted from previous titratioiu 

. 5 (conducted as described for die 2 kb PCR assay in Example 3 and the leg/ssid to Hgure 3) so 
that a 2-fold dropoff in activity would be detectable. Note the laige amount of ST necessary 
to function at the 95^ C control PGR. A previous att^aq>t at this e3q)enment (data not shown) 
used only 1/4 fliese volumes of ST (whidi would have been equivalent standard DNA 
polymerase incorporation units casnpaxod to KT-291 and Kr-278), and no product was 

10 obtained. 

EXAMPLES 
Single Colonv PCR 
Hie analysb of angle E. coli colonies fay PCR is a convenient screen for the 
presence and/or orientation of desired DNA fragments during a cloning or redoning 

15 procedure. In the prior art, the bacteria may not be waply added to a complete PCR 

reaction, since they evidently do not lyse efRciently enough to release tfie plasmid DNA that 
is to be the template for the PGR. instead, and cumbmomdy, ranee it requires a conq)lete 
extra set of labelled test tubes, bacteria must first be suspended in wat^, not buffer, in the 
optional but recommended (Riggs et al.l presence of chelating resin, and heated to 100° C fbr 

20 several (sudi as 10) minutes. Tlien 1-10 ul of the heated bacterial suspensim is added to an 
othowise conqilete PCR reaction, wbich is then cycled and analyzed normally. 

The improyanent here is that, ranee Klentaq-278 can widistand 98-99** C. 
during the denaturation step of each PCR cycle, die bacteria can be added directly and 
conveniendy to a coixq>lete (including Klfintaq-278 ensyme) PCR reaction and then die PCR 

25 cycling can begin without fiirdiCT pr^reatnunt Ihe only difference from a normal PCR 
cycling is that the full 98^ C nun.) or 99*" C (1 miiL) tempmture is used during each 
denaturation st^ (or at least die first 5-10 stq>s) of die PCR. The ejq>eriinent in Rgure 5 
used 2 nun. at 98** C for all 25 cycles, and demonstrates that dus mediod gives rise to a more 
intense and reliably distinguisAied product band even than die prior art method which utilizes a 

30 10* 100** C sq>arate treatment This i^^nt]vement is not posrable with AT enzyme, since AT 
en^me is inactivated at 98** C (as shown in figures 3 and 4). 

Hgure 5 is a i^togn^h of an agarose gd of a dononstradon of tl» 
advantage of a 98** C denaturation step in colony PCR, con^rared to die standard 95^ C 
tenq>»:ature. Lanes 1 and 3 «iq>loyed the prior art pre^reatment of die bacteria in distilled 

35 water at 100** C for 10 minutes before addition to die PCR reaction. Lanes 2 and 4 

conveniendy diq>ensed with this st^ and the same amount of bacterial 6U^>ension (about 2 to 
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4 X 10^ cells, but the identical volume of the same bactmal suspension) was mwip ly 
introduced into the conq>lete PGR reaction (including buffer, triphosphates, pnniers and 
enzyme KloiTaq-278.) Lanes 1 and 2 mrployed the standard 95*" C, and lanes 3 and 4 
enq>loyed the newly possible 98*^ C denaturation/cdl-disruption tenq)eiature. Tlie cycle 
5 conditicms were 2 min. at 98* C or 95' C, 2 min. at 65** C, and 5* at 72* C, for 25 cycles. 
The primen used were KT2 (37roer GAG CCA TGG CCA ACC TGT GGG GGA GGC TTO 
AGG GGG A) and KlenTaq32 (see Hgure 1). The bacterial cdls X7Q29 containing 
plasmid pWB319, a broad-4iost range plasmid ccmtaimng the coding region of the gene for 
KlenTaq-278. 

10 Lane 4 is tiie most convmient and the most effective method, and it takes 

advantage of tiie new stability of KlenTaq-278. 

E?CAMPLE6 
Efficent and Accurate PGR Amplification of 
Lwig DNA TanKts: fPart A^ 

15 A prefer red embodiment of the above formulation (designated KlenTaq-LA): 

Starting with the purified en^rmes in storage buffer, mix 1 ul of Pfu DNA polymerase at 2.5 
u./ul with 64 ul of KlenTaq-278 at 25 u./ul. Store at -20* C. 

Larger amounts of Pfo are detrimental to some PGR an^lifications, perform 
equally for some, and are benefidal for some. For testing of the optimum levd of Pfii, 

20 several reactions con^lete widi KlenTaq-278 are aliquoted in the amount left to right of 75 ul, 
25 ul, 25 ul, and as many additional 25 ul aliquots as desired. Then 3/8 ul of Pfii (equivalent 
to 0.5 ul p^ 100 ul — diis is about ttie most that one would ever want) is added to die 
leftmost, 75 ul reaction and mixed. Serial, two-fold dilutions are fliea made as 25 ul + 25 ul 
left to right along &e row of tubes, adding no Pfu to die last one, as a control of KlenTaq- 

25 278alone. A reaction of 1/2 or 1 ul (pra 100 ul) of Pfo alone should also be run. 

Reacdcm buffer is PC2 as above, supplemented with 200 uM of each dNTP 
and 800 uM of MgQj (total Mg"*"** 3*3 mM), and per 100 ul of reaction volume, 20 pmoles 
of each prim^ MBL (S£Q ID NO:7) and MBR (SEQ ID N0:8), and 30 ng of )^lac5 mtact 
phage. P^ 1(X> ul of reaction volume, 1 or 1/2 ul of KTLA are effective levels of en:^me. 

30 Suitable PGR cycling conditions are two-tenq>erature: 20 seconds at 94* C, 11 minutes at 
70* C, for 20 ^cles. Alternate ^ding conditions include two-t^iq>erature PGR with 1 
minute at 98* C and 10 minutes at 65* C. 10 to 16 ul are loaded onto an agarose gel for 
product analy^s by staining with ethidium bromide. See Figure 6 for oth^ details and 
variations. Ihe tenq>Iate was ^lac5, whidi carries a portion of die kc operon region of the 

35 E. coli genome. Thirty ng of i^iage DNA were included in each 100 ul of reaction volume. 
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introduced as intact phage particles. The primers are homologous to wild-type lambda DNA 
and amplify X DNA, not die kc DNA. Primer MBL No. 8757 (5* nucleotide matdies base 
pair 27914 of X DNA) is GCT TAT CTG CTT CTC ATA GAG TCT TGC (SEQ ID N0:7). 
PrimCT MBRNo. 8835 (5* nucleotide matches bp 34570 of X DNA) is ATA ACG ATC ATA 
5 TAC ATG GTT CTC TCC (SEQ ID N0:8). The size of die aii^)lified product is therefore 
predicted to be 6657 bp. 
^ As shown in Hgure 6A and 6B, each DNA polymmse enzyme (KleaTaq- 

278 or Pfu) alone gives rise to a feint product band (pxccpi for some reactions, when Pfii 
alone does not work at ail), but die combinations all ^ve rise to product bands that are 20 to 

10 50 times more mtense than either eozyvoR can catalyze on its own. 

Hgure 6C, second lane from the right, shows die surprising result of adding 
as little as 1/64 ul of Pfu to 1 ul of KlenTaq-278 (a units ratio of 1/640). Not shown are data 
that as little as 1/200 ul (1/2000 in imits) of Pfu contributed a noticeable improvement to the 
efficiency of this test an^>lification. 

15 Vent DNA polymerase required 10-fold higiher amounts (yet still minority 

amounts) for similar functionality. 

An additional, beneficial, and une3q)ected attribute to the PCR reactions 
catalyzed by KlenTaq-LA was a phenomenal, never previously obs^ed intoisity and 
sharpness to die PGR product bands. La part, this increased yield is manifested by a daric 

20 area in die middle of the bands as photographed. This darker area in the ethidium 

flourescence is believed to be due to UV absorbance by the outdde portions of die band, 
reducing the potential UV-activated flourescence. The system ^>parendy allowed a much 
greater 3deld of product dien did the prior art: ^nMch tended to mate a broad smear of 
product, and increasing amounts of side product, when anq;>lification was aUowed to proceed 

25 to diis extent. 

P>tAMPLE7 

Efficqit and Accurate PGR A mpHfirftri/w nf 
Long DNA Targets: (Part B^ 



Efficient anq>lification of 8.4 kb, 12.5 kb, 15 kb, and 18 kb was 
30 demonstrated by the experiment depicted in Hgure 7. This e3q>eriment extended the 

demonstrated performance of the a preferred nnbodiment of the invention, 1/640 KienTaq- 
LA, even further. The amplification was hig^dy successful for die size range 8.4 to 15 kb, 
detectably successful for 18 ld>, but not successful for an attenqited 19.7 kb. 

Eight different PCR reactions were run in this experiment, differing from 
35 each other in the tenq>late or amount of traxq^late or in the prinnr pair edk^loyed, as shown in 
the legend on Hgure 7. Each reaction was divided 3 ways and cycled diffmndy in parts A, 
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B, and C. Between parts A and B» this e3q>aiment compared 20 cycles to 30 cycles at 94^ 
denaturation phase. In parts B and C, this experiment compared 94** to 93** for 30 cycles. 
This eiqpefimeQt utilized 1.3 ul of Kloitaq-LA (at a Klentaq-278/Pfu ratio of 640) per 100 ul 
of reaction. This may have been a litde too much enzyme, since high en^me has been 
5 associated in previous e;q>eriments with die catastrophic synthesis of product whidi cannot 
ent^ the gel» as occurred hm for the reaction products in duumels 2B and 6C. At the 
current stage of development of long PGR using the invention, this poor outcome occurs 
about 10% of die time. 

Conqraring conditions B and C, it is ^parent that somewhat lower denaturation 

10 tenq>«ature is desirable. Tliis is consistent with similar experiments conqiaring time at 94'* C, in 

which yiM of long PGR pnxlucts was found to be decreased as the denaturation time increased in die 
order 2, 20, 60, and 180 seconds at 94** C for die denaturadon step of each (^cle. These data indicate 
that there was at least one weak link, i.e. least thermostable con^nent, in the reacdons which is 
subject to inacdvadon at 94". Since 94 is below the tempoaturc known to damage the DNA 

15 polymnase acdvi^ and die DNA, it is believed diat it is not the diennolabile element. In an 

alternative raibodiinent of diis a^>ect of the invention Pfu DNA polymerase is r^laced as die minority 
corqxsnent with a more thermostable 3*-exonuclease of a DNA polymerase such as, but not limited to, 
that from the Archaebacterium strain ES4, which can grow at tenq>mtures up to 114*" C [Pledger, 
RJ. ami Baross, J.A., J. Gen. Microbiol. 137 (1991)], which mmctnnifn growth temperature exceeds 

20 diat of die source of die Pfu DNA polymmse (103* C; Blumentals, LI. etal. (1990) Annals of die 
N.Y. Acad. Sci. 589:301-314.) 

In die experiment in Hgure 7 die final intensily of die 15 kb band matched in only 
20 <^cles the yield obtained by Kainze et al.supra in 30 ^cles for a band of similar aze and from 
similar XDNA template amounts. This was a measure of die inqnoved efficiency provided by the 

25 invention, and the further result was diat the yidd catalysied by the invention in 30 cycles gready 
exceeded the yidd rq>orted by diese authors for 30 cycles. Accurate quantitation has not yet been 
carried out to measure Che efficiency of the two mediods, but ioqpection of Hgure 7 compared to the 
figure published by Kainze etal. shows a yield for die 15 kb ficagmrat diat is estimated to be some 
100 times higher. This corre^nds approximately to a doubled efficiency of PGR extension. 

30 gXAMfLES 

Effic^t and Accurate PGR Amplification of 
Long DNA Targets: (Part O 

Materials and Methods 

DNA Folymmises. DNA polymerases Vent and Deep Vent were sillied by New 
35 England Biolabs. Pfo DNA polymerase and its exo' mutant wm siqjplied by Stratagene at 2.5 
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iinits/u]. Kleiitaq-278 is an N--teniuiial deletion variant of Taq DNA polymeiase (WMB, ui^blisfaed). 
The deletion eodpoint is between that of KlentaqS (10) and Stoffel Fragment (3). Purified Klcntaq-278 
was as si^plied by Ab Peptides, St* Louis, MO, USA at 25-35 units/ul (a protein concentration of 
aboutlT? ug/ul). One unit of DNA polymmse activity incorporates 10 nmoles of nucleotide in 30 
5 min. at 72** C., utilizing activated (partially d^raded) calf thynius DNA as tenipl^ Since activated 
calf thymus DNA is a somewhat undefined substrate and is structurally different from PGR reaction 
substrate, this assay was routinely eschewed in &vor of a PCR-based assay to set the above stock 
concentration of iQeataq-278: the concentration of Klentaq-278 stock was adjusted so that 0.25 ul 
eflectivdiy (but .12 ul less effectively) catalyzes tiie anq>lification of a 2 kb target span from 10 ng of 

10 plasnud substrate with cycling conditions including 7 min. of annealing / extension at 65^. Tbe 
mixture of 15/16 ul Klentaq-278 + 1/16 ul Pfu DNA polymerases is dedgoated KlentaqLA-16. 

Agarose gd dectrophoreas employed 0.7% to 1 % agarose in IXGGB (TEA) buffer 
[40 mM Tris achate pH 8.3, 20 mM sodium acetate, 0.2 mM EDTA] at 2-3 v/cm, with 3% ficoU 
instead of glycerol in the loading dye. Hgure 11 eooqployed 1% agarose pulsed-field CHEF (11) with a 

15 switching time of 4 sec. ^andard DNA fir^mrat sizes in ev^ figure are, in kilobases (kb): 23.1, 
9.4, 6.6, 4.4, 2.3, 2.0, and 0.56. Figure 11 and 12 also have a fiiU-lengtii )^lac5 standard band, 
48645 bp. 

All agarose gels were run or stained in etfaidium bromide at 0.5 ug/ml and 
photographed (^5 mm ASA 400 blade and ^te film) or videogr^hed (Alpha Innotedi or Stratagene 
20 Eagle Eye) undo' UV illumination. While printing the gd photogr^hs, the left halves of Figure 7 and 
10 were exposed 50% less than the right halves. 

DNA primers are li^ed in Table 1 and in the Sequence Lining. 

Lambda DNA templates* XvacA, a gift from S. Fhadnis, is a XEMBL4-vectored 
clMie of tiie cytoto:dn gene r^<xi of Hdicobacter nvlori DNA. Hiis DNA was extracted and stored 
25 frozen. The otiier phage teQq>late DNAs ^lac5 (12) and \K138 (13) were added as mtact phage 
partides tiiat had been purified by CsQ equlibrium coitrifugation, dialyzed, and dUuted in IX PC2 
buffo-. 

Long and Accurate FCR. PC2 Reacticm buffer (10) consisted of 20 rnM Tris-HQ 
pH 8.55 at 25**, 150 ug/ml BSA, 16 mM (NH^^^ 3.5 mM Mgd,, 250 uM eadi dNTP. For 

30 success above 28 kb (at 35 kb), 1.5 ul of 2 M Tris base was added to eadi reaction, corresponding to 
pH 9.1 measured for tiie Tris-HQ co^^>onent only at 20 mM in water at 25*" C. Contact with a pH 
probe was detrimental to the reactions, so pH was only measured on separate aliquots, and found to be 
8.76 in the final reaction at 25*" C. Eadi 100 ul of reaction volume contained 20 pinoles of eadi 
primer, and 0.1 to 10 ng of phage DNA tenq>late. 0.8 or 1.2 ul of KlentaqLA-16 was ^^>ropriate for 

35 undOT 20 kb and ov^ 20 kb, req>ectively. Reaction volumes per tube were 33-50 ul, under 40 ul of 
minend oil in thin-walled (PGC or Stratagene) plastic test tubes. 

PGR reactions utilizing the primers at tiie mds of X required a preincubation of 5 
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xnin. at 68**-72^ to disni^t the pbage paitides and to allow fill-in of the X sticky ends to complete the 
primer homology. Optimal cycling conditions were in a multiple-block instrument (Robo Cycler, 
Stratagene) programmed per cycle to 30 sec. 99^, 30 sec. 67*", and 11 to 24 min. at 68**, depending 
on targ^ length ova* ttie range shown in Table 1. The second-best cycl^ was the Omnigene 
5 (HybAid), programmed under tube control per cycle to 2 sec. at 95**, then 68** for similar anneal- 
ing/extension times. Unless odi^wise stated, all of the experimoits reported here used 24 cycles. 

For lepoited results of conq»nson of conditions such as cycling tenq>»atures and 
times, thennal cycl» machines, ttdck and diin-walled tubes, etc., reactions were made up as 100 ul 
conq)lete and dioi split into identical aliquots of 33 ul before oibjecting to PGR cycling. 

10 Table 1. Primer and template combinations. 



Product Left Right Tcsnplate 
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Primer 
SEQID 


Primer 
SEQID 


DNA 




5.8 


25 


MBLlOl 


28 


MSA1933 


XK138 




6657 
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MBL 
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MBR 


^lac5 




8386 
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MBl^l.7 
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MBR 


Xplac5 




8.7 


26 
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XR36 


XK138 
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12.1 
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MBR202 33mer 
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25 


MBLlOl 


27 


MBR202 


XK138 




19.8 


20 


XL36 


24 


MB1J002 


XK138 




20707 


25 


MBLlOl 


29 


XR36 36mCT 


^lac5 




19584 


20 


XL36 
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13971 


26 


MBROOl 33m^ 
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XR36 


Xplac5 


30 


22.0 


20 


XL36 


21 


lacZ'533 


XK138 




24.6 


20 


XL36 


28 


MSA1933 


XK138 




22495 


20 


XL36 


23 


lacZ536 


Xplac5 




26194 


21 


lacZ'533 


29 


XR36 


^lac5 




28083 


20 


XL36 


24 


MBL002 


^lac5 


35 


34968 


20 


XL36 


27 


MBR202 


^lac5 



Legend to Table 1. 

Product sizes in integer base pairs are as predicted from the sequence and structure of X and Xplac5 as 
documented in Genbank aoces^on no. J02459 and ref. (21). Product sizes with decimal points in kb 
were determined by conqmrison with these products and with die X*f Hindm size ^andards labdled 
40 XH3. The sequence of the primers is given in the Sequence Listing. 

Megaprimer consisted of gei-purified 384 bp PGR product DNA homologous to the 
r^on between die BamMl site and EcoRI site of the gene coding for the CiyV ICP of Bacillus 
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tfauringjemis (14), and prim^modified to rraiove these restriction sites. Hie PGR reactions in Bgure 
10 each eiiq>loyed meg^nrimer (300 ng) , primer BtVS and 20 ng of genomic DNA from Bacillus 
thuringiensis strain NRD12 (IS), and en^me as indicated in the descripiton above of Figure 9. 
Cyding conditions were 30 sec. 95*", 7 min. 60'', for 20 cydts, 
5 Kndm digestion. Unfractionated, total PGR reactions for 28 and 35 kb targets 

were supplemented with 1/10 volume of lOXNaTMS (IX = 50 mM NaCl, 10 mM Tris-HCl pH 7.7, 
10 mM MgClj, 10 miM merc^toelhanol) and 2 ul (10 units) of restriction en^me Hindm, and 
incubated at 55*" C. for 90 nun. 

Test of cxo- Ffu. Each 100 ul of reaction (incubated as 33 ul under 40 ul of oil) 

10 contained 2 ng ^lac5 DNA as purified phage partides, 20 pmoles eadi of primers MBL-1.7 and 

MBR , reaction buffer PC2 and 1 ul of Klentaq-278 (0.7 ug), exoq>t for reaction 6, whidi contained 1 
ul Pfu DNA polymerase (2.5 u.) alone. Odier details are in the description of Fig. 12. Thermal 
conditions were 24 cycles of 2 sec.at 94**, 11 min. at 70**. 

The discov^ leading to die DNA polymerase mixture of the present invention was 

15 made during att«xq>ts to utilize in PGR a primer with a mismatched A-A base^pair at its 3* end. In 
fact the primer was itsdf a PGR product 'megapiimer" of 384 bp, and die nusmatched A had been 
added by KIeat8q-278 using non-Cen^lated terminal transfmse activity common to DNA polymerases 
(16). Neither Klentaq-278 (Figure 9, lane 3) nor Pfu DNA polymerase (Figure 9, lanes 1 & 2 and 
other levds of cazymc not ^own) could catalyze aiiq>lificatiQn of the 1500 bp target diat lay betwera 

20 thePCR-productmeg^primo- and a 42mer oligonucleoddepriiner. The combination of tibe two 

en^mes, however, was wdl able to catalyze anq>lificatiQa of the desired target fragment (Fig 9, lane 
4). Evidently, the Pfii DNA polymerase ranoved the presumed 3' A-A mismatch, allowing Klentaq- 
278 c^yms to proceed ef&dendy for each st^ of the PGR. The same result was obtained with Vent 
DNA polymmse substituted for Pfu (data not shown). 

25 I hypothesized that mismatched 3*-ends are a general cause of inefficient primer 

extension during PGR of targets larger than a fiew kb. As a test system I employed a 6.6 kb lambda 
DNA target which was anq>Iified d^ectably but pooriy by AmpliTaq, Klentaq-278 or Pfii DNA 
polymerase in a variety of standard conditioos. Per 100 ul reac^on volume, 1 ul of Klentaq-278 was 
combined with various amounts of Pfii DNA polymerase, from 1/2 ul down to as little as 1/200 ul of 

30 Pfii. Since the Pfo stock (2.5 units/ul) was at least 10 times less omcentrated than the Klentaq-278 
stock (25-30 units/ul), the actual ratios tested were 1/20 to 1/2000 in DNA polymmse units. 
Rqnesentative results of Uiese tests are shown in Figure 6B. A high yield of target band was 
observed for all tested combinations of die two engines, yet sevoal levels of each en:^me on its own 
foiled to catalyze more than fointly detectable aixq>lificadon. The lowest level of Pfii tested, 1/200 ul, 

35 exhibited only a slight beneficial effect. The ^^>arent broad optimum ratio of Klentaq-278:Pful was 
16 or 64 by volume, v^di is about 160 or 640 on ibt basis of DNA polymerase incorporation units. 
When tested at 6-8 kb (data not shown), other combinations of 3*-exo* and S^-em* thermostable DNA 



wo 94/26766 



PCTAJS!W/01867 



31 

polymerases also showed the effect, including Aiiq)Utaq/Pfu, Kleiitaq-278A^cait, Klentaq5 (DeltaTaq, 
USB) / Pfii, Stoffd Fiagment/Pfu, Klentaq-278/Deq> Vent (our second choice)^ and Pfa exo- / Pftj 
exo+, AldK>u£^ conqmatively few trials and optimizations wctb carried out, no other combination 
tried was as effective as Klentaq-278/Pfii. 
5 A vary short heat step Is preferred* I next attempted to anq>lify DN A in the si2e 

range 8.4 to 18 kb from lambda transducing phage template. Our early cycling protocol enq)loyed a 
, doiaturation stq) of 1 or 2 minutes at 95 ** or 98 * C. but no useful product in excess of 8.4 kb was 
obtained until die parameters of this heat step wrare reduced to 2 sec. or 20 sec. at 93** or 94* C. In 
an ejqxaiment with the denaturation st^ at 94* for 20, 60, or 180 sec. die 8.4 kb product wdiibited 

10 decreasing yidd with increased lcng£tx of this heat step (data not shown). Apparently, a conqwncnt of 
the reaction is at its margin of thmnostability. Hgure 7 shows diat, using the short 2 sec. 
denaturation stq), target fragment was obtained for some reactions at all sizes in the range 8.4 to 18 
kb, with VCTy high product yiddsiq) to 15 kb if 30 PGR cycles were M:q)lcyed. Figure 7 also shows 
some &iled reactions whichl cannot e3q)lain. The feilure mode diat gives rise to massive ethidium 

15 staining in the sanq>le wdl (30<ycle hme 2) was particularly common, especially at hi^ en^me 
levels- 
Longer Rrimers. A change in primer length from 27 to 33 greatly reduced the 
firoquenqr of fiuled reactions. Figure 10 demonstrates inqmved reliability for anq>lification of 12.5, 
15 and 18 kb with die longer 33mer primers, undca* conditions of odierwise optimally hij^ enzyme 

20 levels in which the 27nier primers faUed to give rise to desirable target product Ibis result does not 
represent an extensive survey of primer lengdi, and it has not yet been repeated with the improvements 
below, Thmfore die opdnium prima- lengdi for long PGR nmuns to be detCTimed^ Some of the 
an^lifications analyzed in Figure 11 utilized 36m^ primers from die very ends of X. A 2-5 min. 
pnancubation at 68-72* (22) was necessary to release die traq^late DNA from die phage particles and 

25 to fill in die sticlgr ends of lambda to conqplete die tempkde homology witfi primm XL36 and XR36. 

Rapid cycling. A change to diin-waUed tubes, which have lower heat cspadty and 
conduct heat more effidenUy, furdicr improved die reacticms. Figure 11 diows a CHEF pulse-field 
agarose gd analysis of successful an^>lifications of DNA spans 6-26 kb in size. The target of 28 kb 
was not amplifiable in the Omnigene diermal cycler (data not shown), but did appear (Figure 12, lane 

30 2) vdien die RoboCydo^ was eaq>loyed. 

Sevml models of dmmal cycler have been ra^loyed, and aldiough not all have 
been optimized, some are prefbable to odiers for long PGR. As may be concluded from die 
advantage of dun^walled tubes noted above, success se^ns to be positively correlated with a hi^ 
speed of traqserature diange made possible by die design of die diennal cycler. The RoboCyder 

35 adueves rapid t^iqierature change by moving tubes from block to block, and obs^ations widi a 
diramistor tenq)erature probe indicate diat it raises the reactions to 93-95" for only 5 sec. under the 
denaturation conditions aaq)loyed (30 sec. in the 99° blodc), before r^dly (widiin 30 sec) returning 
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the reaction to 68*". 

Higher pH. Tbe current record 35 kb (Figure 12, lane 3) was only anq)iifiable if 

the pH was increased. A prdiminaiy scan of higher pH was carried out (data not shown), and this 

resulted in the a{qpearance of the 35 kb band at pH 8.8 to 9.2» witfi the optimum at 9. 1 as described in 
5 Mediods (above). Further inqnovement to a high yield of the 35 kb product was adueved by 

lengthening ttie ext^isioD time to 24 min. O^et dian the higher pH, the long PGR procedure has not 

yet realized any potential benefits from changes in buffer conditions from those optimizBd for 8.4 kb. 

For Targets over 20 kbs extension tinoes exceeding 20 min. are preferred and the extension ' 

temperature is preferably below 69*^ C. 
10 Identity oflong PGR products. It can be seen in Hgures 7, 10 and 11 that the 

mobilities of the successful large DNA products agree widi those predicted in Table 1 finom the known 

map positions of the primers used. 

Hindm restriction enzyme digestion of the unpurified 28 and 35 kb products (Figure 

12, lanes 6 and 7) resulted in the e3q>ected left arm of lambda (23 kb) and 2.3 kb band from both, and 
15 the predictable bands terminated by the right PGR primer 447 (bardy viable) from the 28 kb 

product and 7331 bp from ttie 35 kb product 

Exomidease mutanL The available mutant of Pfu DNA polymerase (8) which is 

defective in the 3*-exomiclease activity was tested. Figure 13 shows that the 3*-exo' mutant of Pfu 

DNA polymerase foils to promote efficient amplification of a long DNA target. This siq>ports our 
20 hypothesis diat the 3'-exonuciease activity is important for the efficiency of PGR anq)lification in diis 

size range. 

Fidelity test. Since die biolo^cal purpose of 3*-^omidease is to edit base pair 
mismatches for high replicaticMi fid^ty, we tested the fidelity of die PGR product using an assay 
involving the anqplificadcm and molecular dcming of an entire lacZ (jS-galacto^dase) gene flanked fay 
25 two sdectable maricers (10). Hnetofore die highest reported fiddity of PGR anq>lification is diat 

catalyzed by Pfii DNA polym»ase (2). Table 2 shows diat the fidelity of the product amplified by the 
640:1 mixture of Klentaq-278 and Pfu DNA polymerase at least matdies that obtained for Pfii DNA 
polymerase, alone, when each are used for 16 cycles of PGR. Our designation of the enzyme nuxture 
as Klentaq-LA (KlenTaq Long and Accurate) reflects diis higji fidelity perfbnnance. 
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Table 2. Non-silent mutadons introduced into the lacZ gene by 16 cycles of PGR (10). 
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301 


36.4 
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(a) Kientaql is the N-texminal deletion of Tag DNA. polymerase described 
in ref . 10. (b) Bquation 1 of reference 10 was rearremged to be as 

15 follows to solve for errors per bp: X = - (ln{2F*'***'^^ - i ) )/iOOO, 
where X is the errors per bp incorporated, 1000 is the effective 
target size in the lacZ gene (10) , F is the fraction of blue colonies, 
and m is the effective cycle number, (c) As in ref. 10, the effective 
cycle number was estimated at less than t:he machine cycles to reflect 

20 the actual efficiency of the reaction, yet higher than the minimum 

calculated from the fold-an^lif ication. Strand loss due to incomplete 
synt:hesis of product strands is a probable cause of lower than ideal 
amplification efficiency. • Therefore successful (not lost) product 
molecules are judged to have undergone more than the calculated 

25 m-in-imimi nimiber of replications. KTIJl-64 (Klenteu}-278:Pfu: :64 :1 by 
volume) was assigned a higher effective cycle number since its 
reactions started with 10 times less DNA (1.5 ng vs. 15 ng plasmid 
pWB305) to result in compourable levels of product. 

DISCUSSION 

30 The previous length limitation for PGR amplification is 

postulated to have been caused by low efficiency of extension at the 
sites of incorporation of mismatched base pairs. Although it would 
have seemed t:hat tihe cure for t:hese mismatches would be to entploy 
enzymes with 3' - (editing) -exonucleases, X believe that ^en Pfu and 

35 Vent DNA polymerase are used to catalyze our amplifications on tiheir 
own, their failure is due to degradation of the PGR primers by their 
3' -exonucleases, especially during the required long synthesis times 
and at optimally high DNA polymerase levels. Evidently, low levels of 
3' -exonuclease are sufficient and optimsQ for removal of tihe mismatches 

40 to allow the Klentaq-278 and amplification to proceed. It has been 

demonstrated t:hat the optimally low level of 3' -exonuclease can be set 
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effectively, conveniently, and flexibly by mixing and dilution. 

Preferably the ratio of exo-Zexo-i- enzyme is high. If equal 
levels of the two types of enzymes are used (or where the E2 component 
is in excess) , or if the ratio of exo-/exo+ is 4 or less, the 
5 effectiveness of the long PGR, even under optimal cycling conditions 
discussed below, is non-existent or much reduced. 

It is preferred, and for certain applications, important 
that the length and tenperatiire of the heat denaturation step of the 
PGR be kept to a minimum. Further, the ixnprovement obtained by 

10 increasing the pH slightly may correspond to a decrease in template 

depurination. If so, ftirther inprovements may result if depurination 
can be reduced, or if a majority DNA. polymerase cooponent can be foimd 
v^ich is able to laypass depurination sites. 

The short denaturation time found to be optimal, preferably 

15 less than 20 sec, and most preferably, 5 sec. or less in the reaction 
itself at 95*, is siirprisingly effective for the amplification of 35 
kb, whereas it mig^t have been e^qpected that longer PCR targets would 
need longer denaturation time to became cooqpletely denatured. If 
cooplete denaturation is required for PCR, and if longer DKA requires 

20 more time to unwind at 95**, the required unwinding time may eventually 
become significantly more than 5 seconds. This could limit the size of 
amplif iable product because of the increased depurination caused by 
longer denaturation times. 

These anplifications were successful with several different 

25 target sequences, with several primer combinations, and with product 
sizes up to nearly twice the maximum size of inserts cloned into X. 
Whole viruses and plasmids up to 35 kb in length should now be 
aooplif iable with this system. Should this method prove applicable to 
DNA of higher cooplexity than X, it could prove a boon to genomic 

30 mapping and sequencing applications, since in vitro amplification is 

convenient and avoids the DNA rearrangement and gene toxicity pitfalls 
of in vivo cloning . 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advantageous results 

35 attained. 

As various changes could be made in the above methods and 
products without departing from the scope of the invention, it is 
intended that all matter contained in the above description shall be 
interpreted as illustrative and not in a limiting sense. 
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SEQUENCE IiISTIKO 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Barnes Ph.D., Wayne M 

(ii) TITLE OF INVENTION: DNA polymerascB with 

enhanced thermos tability and enhanced length and 
efficiency of primer extension 

'Aii) NUMBER OP SEQUENCES: 33 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Senniger, Powers Leavitt & Roedel 

(B) STREET: One Metropolitan Square 

(C) CITY: St. Louis 

(D) STATE: Missouri 

(E) COUNTRY: USA 

(F) ZIP: 63102 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC coaqE>atible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 22 -FEB- 1994 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Blosser, G.Harley 
<B) REGISTRATION NUMBER: 33,650 
(C) REFERENCE/DOCKET NUMBER: WNB4903 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (314) 231-5400 

(B) TELEFAX: (314) 231-4342 

(C) TELEX: 6502697583 MCI 



(2) INFORMATION FOR SBQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPCTTHETICAL: NO 

(iv) ANTI- SENSE: NO 

(v) FRAGMENT TYPE: N- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Thenmis aquaticus 

(B) STRAIN: YTl 

(vii) IMMEDIATE SOURCE: 

(A) LIBRTIRY: synthetic 

(B) CLONE: KTl 
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(ix) FEATDRE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 6.. 35 

(xi) SEQDENCE DESCRIPTION: SEQ ID N0:1: 

GAGCC ATG GGC CTC CTC CAC GAG TTC GGC CTT CTG G 36 
Met Gly Leu Leu His Glu Phe Gly Leu Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQOENCB CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLBCDLE TYPE: protein 

(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 2: 

Met Gly Leu Leu His Glu Phe Gly Leu Leu 
1 5 10 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENC E CH ARACTERISTICS; 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) HOLECDLE TYPE: DNA (genomic) 

(iii) HYPOTHETICM-: NO 

(iv) ANTI-SENSE: YES 

(v) FRAGMENT TYPE: C- terminal 

( vi ) - ORIGINAL SODRCE : 

(A) ORCaANISM: Thermus aquaticus 

(B) STRAIN: YTl 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: synthetic 

(B) CLONE; Klent£iq32 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: complement (8.. 34) 

(xi) SEQDBNCS DESCRIPTION: SEQ ID NO: 3: 
GCGSAAGCTTA CTACTCCTTG GCIGCSAGAGCC AGTCC 35 



(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQaSN CB CHA RACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
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(D) TOPOLOGY: linear 

(ii) tSOLBCDLB TYPE: protein 

(xi) SBQDERCE DESCRIPTION: SBQ ID £10:4: 

Asp Trp Leu Ser Ala Lys Glu * * 
1 5 

(2) INFORMATION FOR SEQ ID NO: 5: 

. (i) 5EQDENCE CHARACTERISTICS: 

(A) LENGTH: €714 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : double 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOORCE: 

(A) ORGANISM: Egression vector 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: pHB254b 

(ix) FBATDRE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1_1665 

(xi) SBOOENCB DESCRIPTION: SEQ ID NO: 5: 

AT6 GGC CTC CTC CAC GAG TTC GGC CTT CTG GAA AGC CCC AAG GCC CTG 48 
Met Gly Leu Leu His Glu Phe Gly Leu Leu Glu Ser Pro Lys Ala Leu 
15 10 15 

GAG GAG GCC CCC TGG CCC CCG CCG GAA GGG GCC TTC GTG GGC TTT GTG 96 
Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly Ala Phe Val Gly Phe Val 
20 25 30 

err TCC CGC AAG gag CCC ATG TGG GCC gat CTT CTG GCC CTG GCC GCC 144 
Leu Ser Arg Lys Glu Pro Met Trp Ala Asp Leu Leu Ala Leu Ala Ala 
35 40 45 

GCC AGG GGG GGC CGG GTC CAC CG6 GCC CCC GAG CCT TAT AAA GCC CTC 192 
Ala Arg Gly Gly Arg Val His Arg Ala Pro Glu Pro Tyr Lys Ala Leu 
50 55 60 

AGG GAC CTG AAG GAG GCG OSG GGG CTT CTC GCC AAA GAC CTG AGC GTT 240 
Arg Asp Leu Lys Glu Ala Arg Gly Leu Leu Ala Lys Asp Leu Ser Val 
65 70 75 80 

CriG GCC CIG AGG GAA GGC CTT GGC CTC CCG CCTC GGC GAC GAC CCC ATG 288 
Leu Ala Leii Arg Glu Gly Leu Gly Leu Pro Pro Gly Asp Asp Pro Met 
85 90 95 

CTC CTC GCC TAC CTC CTG GAC CCT TCC AAC ACC ACC CCC GAG GGG GTG 336 
Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn Thr Thr Pro Glu Gly Val 
100 105 110 

GCC CGG CGC TAC GGC GGG GAG TGG ACG GAG GAG GCG GGG GAG CGG GCC 384 
Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu Glu Ala Gly Glu Arg Ala 
115 120 125 
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GCC CTT TCC GAG AG6 CTC TTC GCC AAC CTG TGG GGG AGO CTT GAG GGG 432 
Ala lieu Ser Glu Arg Leu Phe Ala Asn Leu Trp Gly Arg Leu Glu Gly 
130 135 140 

GAG GAG AGG CTC CTT TGG CPT TAC CGG GAG GTG GAG AGG CCC.CTT TCC 480 
Glu Glu Arg Leu Leu Trp Leu Tyr Arg Glu Val Glu Arg Pro Leu Ser 
145 150 155 160 

GCT 6TC CTG GCC CAC ATG GAG GCC ACG GGG GTG CGC CTG GAC GTG GCC 528 
Ala Val Leu Ala His Met Glu Ala Thr Gly Val Arg Leu Asp Val Ala 
165 170 175 

TAT CTC AGG GCC TTG TCC CTG GAG GTG GCC GAG GAG ATC GCC CGC CTC 576 
Tyr Leu Arg Ala Leu Ser Leu Glu Val Ala Glu Glu lie Ala Arg Leu 
180 185 190 

GAG GCC GAG GTC TTC CGC CTG GCC GGC CAC CCC TTC AAC CTC AAC TCC 624 
Glu Ala Glu Val Phe Arg Leu Ala Gly His Pro Phe Asn Leu Asn Ser 
195 200 205 

CGG GAC CAG CTG GAA AGG GTC CTC TTT GAC GAG CTA GGG CTT CCC GCC 672 
Arg Asp Gin Leu Glu Arg Val Leu Phe Asp Glu Leu Gly Leu Pro Ala 
210 215 220 

ATC GGC AAG ACG GAG AAG ACC GGC AAG CGC TCC ACC AGC GCC GCC GTC 720 
He Gly Lys Thr Glu Lys Thr Gly Lys Arg Ser Thr Ser Ala Ala Val 
225 230 235 240 

CTG GAG GCC CTC CGC GAG GCC CAC CCC ATC GTG GAG AAG ATC CTG CAG 768 
Leu Glu Ala Leu Arg Glu Ala His Pro He Val Glu Lys He Leu Gin 
245 250 255 

TAC CGG GAG CTC ACC AAG CTG AAG AGC ACC TAC ATT GAC CCC TTG CCG 816 
Tyr Arg Glu Leu Thr Lys Leu Lys Ser Thr Tyr He Asp Pro Leu Pro 
260 265 270 

GAC CTC ATC CAC CCC AGG ACG GGC CGC CTC CAC ACC CGC TTC AAC CAG 864 
Asp Leu He His Pro Arg Thr Gly Arg Leu His Thr Arg Phe Asn Gin 
275 280 285 

ACG GCC ACG GCC ACG GGC AGG CTA AGT AGC TCC GAT CCC AAC CTC CAG 912 
Thr Ala Thr Ala Thr Gly Arg Leu Ser Ser Ser Asp Pro Asn Leu Gin 
290 295 300 

AAC ATC CCC GTC CGC ACC CCG CTT GGG CAG AGG ATC CGC CGG GCC TTC 960 
Asn He Pro Val Arg Thr Pro Leu Gly Gin Arg He Arg Arg Ala Phe 
305 310 315 320 

ATC GCC GAG GAG GGG TGG CTA TTG GTG GCC CTG GAC TAT AGC CAG ATA 1008 
He Ala Glu Glu Gly Trp Leu Leu Val Ala Leu Asp Tyr Ser Gin He 
325 330 335 

GAG CTC AGG GTG CTG GCC CAC CTC TCC GGC GAC GAG AAC CTG ATC CGG 1056 
Glu Leu Arg Val Leu Ala His Leu Ser Gly Asp Glu Asn Leu He Arg 
340 345 350 

GTC TTC CAG GAG GGG CGG GAC ATC CAC ACG GAG ACC GCC AGC TGG ATG 1104 
Val Phe Gin Glu Gly Arg Asp He His Thr Glu Thr Ala Ser Trp Met 
355 360 365 

TTC GGC GTC CCC CGG GAG GCC GTG GAC CCC CTG ATG CGC CGG GCG GCC 1152 
Phe Gly Val Pro Arg Glu Ala Val Asp Pro Leu Met Arg Arg Ala Ala 
370 375 380 



AAG ACC ATC AAC TTC GGG GTC CTC TAC GGC ATG TCG GCC CAC CGC CTC 
Lys Thr He Asn Phe Gly Val Leu Tyr Gly Met Ser Ala His Arg Leu 
385 390 395 400 



1200 
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TCC CAG GAG CTA 6CC ATC CCT TAC GAG GAG GCC CAG GCC TTC ATT GAG 1248 
Ser Gin Glu Leu Ala lie Pro Tyx Glu Glu Ala Gin Ala Phe lie Glu 
405 410 415 

CGC TAC TTT CAG AGC ITC CCC AA6 GTG CGG GCC TGG ATT GAG AAG ACC 1296 
Arg Tyx Phe Gin Ser Phe Pro Lys Val Arg Ala Trp lie Glu Lys Thr 
420 425 430 

CTG GAG GAG GGC AGG AGG CGG GGG TAC GTG GAG ACC CTC TTC GGC CGC 1344 
Leu Glu Glu Gly Arg Arg Arg Gly Tyr Val Glu Thr Leu Phe Gly Arg 
435 440 445 

CGC CGC TAC GTG CCA GAC CTA GAG GCC CGG GTG AAG AGC GTG CGG GAG 1392 
Arg Arg Tyr Val Pro Asp Leu Glu Ala Arg Val Lys Ser Val Arg Glu 
450 455 460 

GC6 GCC GAG CGC ATG GCC TTC AAC ATG CCC GTC CAG GGC ACC GCC GCC 1440 
Ala Ala Glu Arg Met Ala Phe Asn Bfiet Pro Val Gin Gly Thr Ala Ala 
465 470 475 480 

GAC CTC ATG AAG CTG GCT ATG GTG AAG CTC TTC CCC AGG CTG GAG GAA 1488 
Asp Leu Met Lys Leu Jila Met Val Lys Leu Phe Pro Arg Leu Glu Glu 
485 490 495 

ATG GGG GCC AGG ATG CTC CTT CAG GTC CAC GAC GAG CTG GTC CTC GAG 1536 
Met Gly Ala Arg Met Leu Leu Gin Val His Asp Glu Leu Val Leu Glu 
500 505 510 

GCC CCA AAA GAG AGG GCG GAG GCC GTG GCC CGG CTG GCC AAG GAG GTC 1584 
Ala Pro Lys Glu Arg Ala Glu Ala Vail Ala Arg Leu Ala Lys Glu Val 
515 520 525 

ATG GAG GGG GTG TAT CCC CTG GCC GTG CCC CTG GAG GTG GAG GTG GGG 1632 
Met Glu Gly Val Tyr Pro Leu Ala Val Pro Leu Glu Val Glu Val Gly 
530 535 540 

ATA GGG GAG GAC TGG CTC TCC GCC AAG GAG TAGTAAGCTT ATCGATGATA 1682 
He Gly Glu Asp Trp Leu Ser Ala Lys Glu 



545 


550 


555 








AGCTGTCAAA 


CATGA6AATT 


AGCCCGCCTA 


ATGAGCGGGC 


TTTTTTTTAA 


TTCTTGAAGA 


1742 


CGAAAGGGCC 


TCGTGATACG 


CCTATTTTTA 


TAGGTTAATG 


TCATGATAAT 


AATGGTTTCT 


1802 


TAGCGTCAAA 


GCAACCATAG 


TACGCGCCCT 


GTAGCGGCGC 


ATTAAGCGCG 


CCGGGTGTGG 


1862 


TGGTTACGCG 


CAGCGTGACC 


GCTACACTTG 


CCAGCGCCCT 


AGCGCCCGCT 


CCTTTCGCTT 


1922 


TCTTCCCTTC 


CTTTCTCGCC 


ACGTTCGCCG 


GCTTTCCCCG 


TCAAGCTCTA 


AATCGGGGGC 


1982 


TCCCTTTAGG 


GTTCCGATTT 


AGTGCTTTAC 


GGCACCTCGA 


CCCCAAAAAA 


CTTGATTTGG 


2042 


GTGATGGTTC 


ACGTA6TGGG 


CCATCGCCCT 


GATAGACGCT 


TTTTCGCCCT 


TTGACGTTGG 


2102 


AGTCCACGTT 


CTTTAATAGT 


GGACTCTTGT 


TCCAAACTTG 


AACAACACTC 


AACCCTATCT 


2162 


CGGGCTATTC 


TTTTGATTTA 


TAAGGGATTT 


TGCCGATTTC 


GGCCTATTGG 


TTAAAAAATG 


2222 


AGCTGATTTA 


ACAAAAATTT 


AACGCGAATT 


TTAACAAAAT 


ATTAACGTTT 


ACAATTTCAG 


2282 


GTGGCACTTT 


TCGGGGAAAT 


GTGCGCGGAA 


CCCCTATTTG 


TTTATTTTTC 


TAAATACATT 


2342 


CAAATATGTA 


TCCGCTCATG 


AGACAATAAC 


CCTGATAAAT 


GCrrCAATAA 


TATTGAAAAA 


2402 


GGAAGAGTAT 


GAGTATTCAA 


CATTTCCGTG 


TCGCCCTTAT 


TCCCTTTTTT 


GCGGCATTTT 


2462 


GCCTTCCTGT 


TTTTGCTCAC 


CCAGAAACGC 


TG6TGA71AGT 


AAAAGATGCT 


GAAGATCAGT 


2522 
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TGGGTGCACG 


AGTGGGTTAC 


ATCGAACTGG 


ATCTCAACAS CGGTAAGATC CTTGAGAGTT 


2582 


TTCGCCCCGA 


AGAACGrrrr 


CCAATGATGA 


GCACTTTTAA AGTTCTGCTA TGTGGC6CGG 


2642 


TATTATCCCG 


TGTTGACGCC 


GG6CAAGA6C 


AACTCGGTCG CCGCATACAC TATTCTCAGA 


2702 


ATGACTTGGT 


TGAGTACTCA 


CCA0TCACA6 


AAAAGCATCT TACX3GATG6C ATGACAGOAA 


2762 


GAGAATTATG 


CAGTGCTGCC 


ATAACCATGA 


GTGATAACAC TGCGGCCAAC TTACTTCTGA 


2822 


CAACGATCGG 


A6GACCGAAG 


GAGCTAACC6 


CTTTTTTGCA CAACAIGGGG GATCATGTAA 


2882 


CTCGCCTTGA 


TCGTTGGGAA 


CC6GAGCTGA 


ATGAAGCCAT ACCAAACGAC GASCGTGACA 


2942 


CCACX3ATGCC 


T6CAGCAAT6 


GCAACAACGT 


TGCGCAAACT ATTAACTGGC GAACTACTTA 


3002 


CTCTAGCTTC 


CCG6CAACAA 


TTAATAGACT 


66AT6GA6GC GGATAAAGTT GCAGGACCAC 


3062 


TTCTGCGCTC 


GGCCCTTCCG 


GCTGGCTGGT 


TTATTGCTGA TAAATCTGGA GCCGGTGAGC 


3122 


GTGGGTCTCG 


CGGTATCATT 


GCAGCACT6G 


G6CCAGATG6 TAAQCXICTCC CGTATCGTAG 


3182 


TTATCTACAC 


GACGGGGAGT 


CAG6CAACTA 


TGGATGAAC6 AAATAGACAG ATCGCTGAGA 


3242 


TAGGTGCCTC 


ACTGATTAA6 


CATTGGTAAC 


TGTCAGACCA AGTTTACTCA TATATACTTT 


3302 


AGATTGATTT 


AAAACTTCAT 


TTTTAAirrA 


AAAGGATCTA GGTGAAGATC CTTTTTGATA 


3362 


ATCTCATGAC 


CAAAATCCCT 


TAACGIIGAGT 


TTTCGTTCCA CTGAGCGTCA GACCCCGTAG 


3422 


A/UU^GATCAA 


AGGATCTTCT 


TGAGATCCTT 


TTTTTCTGCG CGTAATCTGC TGCTTGCAAA 


3482 


CAAAAAAACC 


ACCX^CTACCA 


GCGGTGGTTT 


CTTTGCCGGA TCAAGAGCTA CCAACTCTTT 


3542 


TTCCGAAGGT 


AACTGGCTTC 


AGCAGA6CGC 


AGATACCAAA TACTGTCCTT CTAGTSTAGC 


3602 


CXrTAGTTAGG 


CCACCavCTTC 


AAGAACTCTG 


TAGCACOGCX: TACATACXTTC GCTCTGCTAA 


3662 


TCCT6TTACC 


AGTGGCTGCT 


GCCA6TGGC6 


ATAAGTCGTG TCTTACCGGG TTGGACTCAA 


3722 


GACGATAGTT 


ACCGGATAAG 


GCGCAGCGGT 


CGGGCTGAAC GGGG6GTTC6 TGCACACAGC 


3782 


CCAGCTTGGA 


6CGAACGACC 


TACACCX3AAC 


TGAGATACCT ACAGC6TGAG CTATGAGAAA 


3842 


GC6CCACGCT 


TCCCXSAAGGG 


AGAAAG60GG 


ACAGCTATCC GGTAAGCGGC AGGGTC6GAA 


3902 


CA6GAGAGCG 


CACGAGG6AS 


CTTCCAGGGG 


GAAACGCCTG GTATCTTTAT AGTCCTGTCG 


3962 


GGrrTCGCx:A 


CCTCTGACTT 


GAGCGTCGAT 


■riTili''l'GA''l'U C1*LVI*CAGG6 GG6C!GGA6CC 


4022 


TATGGAAAAA 


C6CCAGCAAC 


GCGGCCTTTT 


TACGGTTCCT GGCCTTTTGC TGGCCTTTTG 


4082 


CTCACATGTT 


CTTTCCTGOG 


TTATCCCCTG 


ATTCTCrrGGA TAACCXnMT ACCGCCTTTG 


4142 


AGTGAGCTGA 


TACCGCTCGC 


CGCAGCCGAA 


CGACCGA6CX3 CA6CGAGTCA GTGA6CGAGG 


4202 


AAGC6GAAGA 


GCGCCTGATG 


CGGTATTTTC 


TCCTTACGCA TCrrC?rt5CGf5T ATTTrCAd^P 




6CATATG6T6 


CACTCTCAGT 


ACAATCTGCT 


CTGAT6CC6C AXAGTTAA6C CAGTATACAC 


4322 


TCCGCTATCG 


CTACGTGACT 


G6GTCAT66C 


TGCGCCCCGA CACCCGCCAA CACCCGCTGA 


4382 


CXKX5CCCTGA 


CGGGCTTGTC 


TGCTCCCGGC 


ATCCGCTTAC AGACAAGCTG TGACCGTCTC 


4442 


CGG6AGCTGC 


ATGTOTCAGA 


GGTTTTCACC 


6TCATCACC6 AAAC6C6CGA GGCAGAAC6C 


4502 


CATCAAAAAT 


AATTCGCGTC 


TGGCCTTCCT 


GIAGCCA6CT TTCATCAACA TTAAATGTGA 


4562 
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GCGAGTAACA ACCCGTCGGA TTCTCCGTGG GAACTIAACGG CGGATTGACC GTAATGGGAT 4622 

AGGTTACGrr GGTC3TAGATG GGCGCATCGT AZU:CGTGCAT CTGCCAGTTT GAGGGGACGA 4682 

CGACAGTATC GGCCTCAGGA ASATC6CACT CCAGCCAGCT TTCCGGCACC GCTTCTGGTG 4742 

CCGGAAACCA GGCAAA6C6C CATTCGCCAT TCAGGCTGCG CAACTGTT66 GAA6G6CGAT 4802 

CGGTGCGGGC CTCTTCGCTA TTACX3CCAGC TCGCGAAAGG GGGATGTGCT GCAAGGCGAT 4862 

TAAGTTGGGT AA0GCCA6GG TTTTCCCA6T CACGACGTTG TAAAACGACG GCCAGTGAAT 4922 

COGTAATCAT GGTCATAGCT GnTCCTGTG TGAAATrGTT ATCXX3CTCAC AATTCCACAC 4982 

AACATACGA6 CCGGAA6CAT AAAGTGTAAA GCCTGGGCT6 CCTAA!rGAGT GAGCTAACTC 5042 

ACATTAATT6 CGTTGCGCTC ACT6CCCGCT TTCCAGTCGG GAAACCTGTC GTGCCAGCTG 5102 

CATTAATGAA TCG6CCAAC6 C6CGGG6AGA GGCGGTTT6C GTATT6GGC6 CCA6GGT6GT 5162 

TrrrCTTTTC ACCACntSAGA CGGGCAACAG CTGATTGCCC TTCACCGCCT GGCCCTGAGA 5222 

GAGTTOCAGC AAGCGGTCXIA CGCTGGTTTG CCCCAQCAGG CGAAAATCCT GTTTGATGGT 5282 

GGTTGACG6C GGGATATAAC ATGAGCTGTC TTCGGTATCG TCGTATCCCA CTACCGAGAT 5342 

ATCCGCACCA ACGCGCAGCC CGGACTCGGT AATGGCGCGC AITGCGCCCA GCGCCATCTG 5402 

ATCGTTGGCA ACCAGCATCG CAGTGGGAAC GATGCCCTCA TTCAGCATTT GCATGGTTrG 5462 

TTGAAAACCG GACATGGCAC TCCACTCGCC TTCCCGTTCC GCTATCGGCT GAATTTGATT 5522 

GCGA6TGAGA TATTTAT6CC AGCXIAGCCAG ACGCAGACGC GCCGAGACAG AACTTAATGG 5582 

GCCC6CTAAC AGCXSCGATTT 6CTGGTGACC CAATGCGACC AGATGCTCCA C6CCCAGTCG 5642 

CGTACCGTCT TCATGGGAGA AAATAATACT CTTGATGGGT GTCTGGTCA6 AGACATCAAG 5702 

AAATAACGCC GGAACATTA6 TGCA6GCAGC TTCCACAGCA ATGGCATCCT GGTCATCCAG 5762 

CGGAXAGTTA ATGATCAGCC CACTGAC6CG TTGCGCX^AGA AGATTGTGCA CXXSCCGCrTT 5822 

ACAGGCTTCG ACGCCGCTTC GTTCTACCAT CGACACCACC ACGCTGGCAC CCAGTTGATC 5882 

GGCXKX3AGAT TTAATCX^CG CGACAATTTG CGACGGCGCG TGCAGGGCCA GACTGGAGGT 5942 

G6CAACGCCA ATCAGCAACG ACTGTTT6CC CGCCAGTT6T T6TGCCACGC GGTTGGGAAT 6002 

GTAATTCAGC TCCGCCATC6 CCXXTTTCCAC TTTTTCCCGC GTTTTOGCAG AAACGTGGCT 6062 

GGCCTGGTTC ACCACGCGGG AAACGGTCTG ATAAGAGACA CCGGCATACT CTGCGACATC 6122 

GTATAACGTT ACTGGTTTCA CATTCACCAC CCTGAATTGA CTCTCTTCCX3 GGCGCTATCA 6182 

TGCCATACCG CGAAAGGTTT TGCGCCATTC 6ATCGTGTCC CAGTGAATCC GTAATCATGG 6242 

TCATAGCTGT TTCCTGTGTG AAATTGTTAT CCGCTCACAA TTCCACACAT TATACGAGCC 6302 

GGAAGCATAA ACTGTAAAGC CTGGGGTGCC TAATGAGTGA GCTAACTCAC ATTAATTGCG 6362 

TTGCGCrCAC TGCCCGCTTT CCAGTCG6GA AACCTGTCGT GCCAGCTGCA TTAATGAATC 6422 

GGAGCTTACT CCCCATCCCC CTGTT6ACAA TTAATCATCG GCTCGTATAA TCTGTCGAAT 6482 

TGTGAGCGGA TAACAATTTC ACACAGGAAA CAGGATCGAT CCAGCTTACT CCCCATCCCC 6542 

CTGTTGACAA TTAATCATCG GCTCGTATAA TGTGTGGAAT TGTGAGCGGA TAACAATTTC 6602 
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ACACAGGAAAl CA6GATCTGG GCCCTTCGAA ATTAATACGA CTCACTATA6 GGAGACCACA 6662 
ACGGTTTCCC TCTAGAAATA ATTTTGTTTA ACTTTAAGAA GGAGATATAT CC 6714 

(2) INFORMATION FOR SBQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 554 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLBCDLE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Gly Leu Leu His Glu Phe Gly Leu Leu Glu Ser Pro Lys Ala Leu 
15 10 15 

Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly Ala Phe Val Gly Phe Val 
20 25 30 

Leu Ser Arg Lys Glu Pro Met Txp Ala Asp Leu Leu Ala Xieu Ala Ala 
35 40 45 

Ala Arg Gly Gly Arg Val His Arg Ala Pro Glu Pro Tyr Lys Ala Leu 
50 55 60 

Arg Asp Leu Lys Glu Ala Arg Gly Leu Leu Ala Lys Asp Leu Ser Val 
65 70 75 80 

Leu Ala Leu Arg Glu Gly Leu Gly Leu Pro Pro Gly Asp Asp Pro Met 
85 90 95 

Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn Thr Thr Pro Glu Gly Val 
100 105 110 

Ala Arg Arg Tyr Gly Gly Glu Trp rhr Glu Glu Ala Gly Glu Arg Ala 
115 120 125 

Ala Leu Ser Glu Arg Leu Phe Ala Asn Leu Txp Gly Arg Leu Glu Gly 
130 135 140 

Glu Glu Arg Leu Leu Trp Leu Tyr Arg Glu Val Glu Arg Pro Leu Ser 
145 150 155 160 

Ala Val Leu Ala His Met Glu Ala Ttix Gly Val Arg Leu Asp Val Ala 
165 170 175 

Tyr Leu Arg Ala Leu Ser Leu Glu Val Ala Glu Glu lie Ala Arg Leu 
180 185 190 

Glu Ala Glu Val Phe Arg lieu Ala Gly His Pro Phe Asn Leu Asn Ser 
195 200 205 

Arg Asp Gin Leu Glu Arg Val Leu Phe Asp Glu Leu Gly Leu Pro Ala 
210 215 220 

lie Gly Lys Thr Glu Lys Thr Gly Lys Arg Ser Thr Ser Ala Ala Val 
225 230 235 240 

Leu Glu Ala Leu Arg Glu Ala His Pro lie Val Glu Lys lie Leu Gin 
245 250 255 

Tyr Arg Glu Leu Thr Lys Leu Lys Ser Thr Tyr lie Asp Pro Leu Pro 
260 265 270 
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Asp Leu lie His Pro Arg Thr Gly Arg Leu His Thr Arg Phe Asn Gin 
275 280 285 

Thr Ala Thr Ala Thr Gly Arg Leu Ser Ser Ser Asp Pro Asn Leu Gin 
290 295 300 

Asn He Pro Val Arg Thr Pro Leu Gly Gin Arg He Arg Arg Ala Phe 
305 310 315 320 

He Ala Glu Glu Gly Trp Leu Leu Val TQa Leu Asp Tyr Ser Gin He 
325 330 335 

Glu Leu Arg Val Leu Ala His Leu Ser Gly Asp Glu Asn Leu He Arg 
340 345 350 

Val Phe Gin Glu Gly Arg Asp He His Thr Glu Thr Ala Ser Trp Met 
355 360 365 

Phe Gly Val Pro Arg Glu Ala Val Asp Pro Leu Met Arg Arg Ala Ala 
370 375 380 

Lys Thr He Asn Phe Gly Val Leu Tyr Gly Met Ser Ala His Arg Leu 
385 390 395 400 

Ser Gin Glu Leu Ala He Pro Tyr Glu Glu Ala Gin Ala Phe He Glu 
405 410 415 

Arg Tyr Phe Gin Ser Phe Pro Lys Val Arg Ala Trp He Glu Lys llir 
420 425 430 

Leu Glu Glu Gly Arg Arg Arg Gly Tyr Val Glu Thr Leu Phe Gly Arg 
435 440 445 

Arg Arg Tyr Val Pro Asp Leu Glu Ala Arg Val Lys Ser Val Arg Glu 
450 455 460 

Ala Ala Glu Arg Met Ala Phe Asn Met Pro Val Gin Gly Thr Ala Ala 
465 470 475 480 

Asp Leu Met Lys Leu Ala Met Val Lys Leu Phe Pro Arg Leu Glu Glu 
485 490 495 

Met Gly Ala Arg Met Leu Leu Gin Val His Asp Glu Leu Val Leu Glu 
500 505 510 

Ala Pro Lys Glu Arg Ala Glu Ala Val Ala Arg Leu Ala Lys Glu Val 
515 520 525 

Met Glu Gly Val Tyr Pro Leu Ala Val Pro Leu Glu Val Glu Val Gly 
530 535 540 



He Gly Glu Asp Trp Leu Ser Ala Lys Glu 
545 550 



(2) INFORMATION FOR SEQ ID N0:7: 

(i) SBQDENCB CHARACTBRXSTXCS : 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (gencHOic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: bacteriophage lambda 
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(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE : 
(B) CLONE: MBL 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 27940 



(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 7: 
GCTTATCTGC TTCTCATAGA CTCTTGC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SBQqBNCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: DNA (genomic) 

(vi) ORIGINAL SODRCE: 

(A) ORGANISM: bacteriphage lambda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SODRCE: 
(B) CLONE: MBR 



(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 8: 
AXAACGATCA TATACATGGT TCTCTCC 
(2) INFORMATION FOR SEQ ID N0:9: 

(i) SBQqB NCE CHARACTERISTICS ; 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOXiECDLB TYPE: DNA (genomic) 

(vi) ORIGINAL SODRCE: 

(A) ORGANISM: bacteriophage lambda 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: MBL-I.7 



(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 9: 
TTTTGCTGGG TCAGGTTGTT CTTTAGG 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQDENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: DNA (genomic) 
(v) FRAOIBNT TYPE: C- terminal 
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(vi) ORIGINAL SOURCE: 

(A) ORGANISM: E.coli 

(B) STRAIN: K12 

(vii) IHMEDIATB SODRCB: 
fB) CLONE: HSA19 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: lacZ 

/xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGAAGCTTAT TTTTGACACC AGACCAAC 28 
(2) INFORMATION FOR SEQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECUIiB TYPE: cDNA to inRNA 
(v) FRAGMENT TYPE: N- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Zea maize 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Lc5 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 5' end of color control gene Lc 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GTGATGGATC CTTCAGCTTC CCGAGTTCAG CAGGCGG 37 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iv) AHTI- SENSE: YES 
(v) FRAOSENT TYPE: C- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Zea maiize 

(vii) IMMEDIATE SOURCE: 

(B) dJOftlEi LC3 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 3' end of color control gene Lc 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
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GCTCTCGAGC GAAGCTTCCC TATAGCTTTG CGAAGAG 37 
(2) INFORMATION FOR SfiQ ID NO: 13: 

(i) SBQDENCE CHARACTBRISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genocnic) 
(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Thermus aquaticus 

(B) STRAIN: YTl 

(vii) IMMEDIATE SODRCB: 
(B) CLONE: KT2 



(xi) SBQOENCB DESCRIPTION: SEQ ID NO: 13: 
GAGCCATG6C CAACCTGTGG GGGAGGCTT6 AGGGGGA 37 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: TtiBrmxa aquaticus 

(B) STRAIN: YTl 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: GenbanX Accession no. J04639 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: DNA polymerase gene 

(B) MAP POSITION: 950 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
AGTTTGGCAG CCTCCTCCAC 6AGTTCGGCC TTCrGQ 36 
(2) INFORMATION FOR SEQ ID N0:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 b£me pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genosnic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HiemtuB aquaticus 

(B) STRAIN: YTl 

(vii) IMMEDIATE SOURCE: 
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(B) GLOME: Genbank Accession No. J04639 

(viii) POSITION IN GBNOMB: 

<A) CHRQMOSQMB/SBGMENT : USA polymerase gene 
(B) MAP POSITION: 2595 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 15: 
GGACTGGCTC TCCGCCAAGG AOTGATACCA CC 
(2) INFORMATION FOR SBQ ID NO: 16: 

(i) SBQaSNCB CHARACTERISTICS: 

(A) I£NGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECOliE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Thermus flavis 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Genbank Accession No. X66105 

(viii) POSITION IN GENOME: 

(A) CHRQMOSOMB/SEOSENT: DNA polymerase 

(B) MAP POSITION: 1378 



(3ci) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
AGTTTGGAAG CCTCCTCCAC GAGTTOGGCC TCCTGG 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SBQDBNCE CHARACTERISTICS: 

(A) LENGTH: 35 beuse pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECOLB TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Thermus flavis 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Genbank Accession No. X66105 

(viii) POSITION IN GENOME: 

(A) CHROMOSQME/SBGMBNT: DNA polymerase gene 

(B) MAP POSITION: 3023 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 17: 
GGACTGGCTC TCCGCCAAGG AGTAGGGGGG TCCTG 
(2) INFORMATION FOR SEQ ID NO:lB:^ 

(i) SEQUE NCE CH ARACTERISTICS : 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOIOGY: linear 
(ii) MOIjBCDLE TYPE: DNA. (genomic) 
(iv) Aim-SKNSB: YES 
(v) FRAGMENT TYPE: internal 

(vi) ORIGINAIi SOURCE: 

(A) ORGANISM: Bacillus thuringiensis 

(B) STRAIN: CryV 

(C) INDIVIDUAL ISOIATB: NRD12 

(vii) IMMEDIATE SODRCE: 
(B) CLONE: BtV3 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GCGAA6CTTC TCGAGITAC6 CTCAATATGG ACTTGCTTC 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iv) ANTI-SENSE: NO 
(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Bacillus thuringiensis 

(B) STRAIN: NRD12 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: BtV5 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CCGAGATCTC CATGGATCCA AAGAATCAAG ATAA6CATCA AAG 
(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: bacteriophage laiiibda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: L36 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: left end 
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(xi) SEQDENCE DESCRIPTION: SBQ ID NO: 20 
GGGCGGCGAC CTCGCGGGTT TTCGCTATTT ATOAAA 
(2) INFORMATION FOR SEQ ID N0:21: 

(i) SBQDK NCB CH ARACTERISTICS: 

(A) LENGIli: 33 base pairs 

(B) TVPB: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iv) ANTI-SENSE: YES 
(v) FRACaiBNT TYPE: N- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: E.coli 

(B) STRAIN: K12 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: lacZ'533 



(xi) SEQUENCE DESCRIE>TION : SEQ ID NO: 21 
CGACGGCCAG TGAATCCGTA ATCATGGTCA TAG 
(2) INFORMATION FOR SBQ ID N0:22: 

(i) SEQUE NCE CH ARACTERISTICS: 

(A) LENGTH: 33 base psdrs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(v) FRAGMENT TYPE: C- terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: E.COli 

(B) STRAIN: Ki2 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: lacZ333 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: lacZ 



(xi) SEQUENCE DESCRIPTION: SBQ ID N0:22 
ACCAGCCATC GCCATCT6CT GCACGCGGAA GAA 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE (3IARACTERISTICS : 

(A) LENCSTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(iv) Aim-SENSB: NO 
(v) FRAGMENT TYPE: N- terminal 

(vi) ORIGINAL SOORCB: 

(A) ORGANISM: B.coli 

(B) STRAIN: K12 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: lacZ536 

(v?ii) POSITION IN GENOME: 

(B) ISRP POSITION: lacZ 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CTATGACCAT GATTACGGAT TCACTGGCCG TCGTTT 
(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEN GTH: 33 base pcd.rs 

(B) T7PE: nucleic acid 

(C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: bacteriophage lambda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: MBL002 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24: 
GCAAGACTCT ATGAGAAGCA (SATAAGCGAT AAG 
(2) INFORMATION FOR SEQ ID N0:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLO(?Y: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: bacteriophage lambda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: MBLlOl 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 27840 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
ATCATTATTT GATTTCAATT TTGTCCCACT CCC 
(2) INFORMIITIQN FOR SEQ ID N0:26: 
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(i) SBQUSNCB CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: DHA (genomic) 

(vi) ORIGINAL SOURCE : 

(A) ORGANISM: bacteriophage lambda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: MBROOl 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 34576 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
GGAGAGAACC ATGTATATGA TCGTTATCTG GGT 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQDBNCB CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOI^CDLE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: bacteriophage laxribda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: MBR202 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: 34793 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GCGCACAJ^AA CCATAGATTG CTCTTCT6TA AGG 
(2) INFORMATION FOR SEQ ID NO:2B: 

(i) SBQ^TENCB CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(v) FRACSMENT TYPE: C- termi n a l 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: E.coli 

(B) STRAIN: K12 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: MSA1933 
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(viii) POSITION IN GENOME: 

(B) MAP POSITION: lacZ 



(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 28: 
CCCGGTTATT ATTATTTTTG ACACCAGACC AAC 
(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) ItBlK3TH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCDXiB TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: bacteriophage lambda 

(B) STRAIN: PaPa 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: R36 

(viii) POSITION IN GENOME: 

(B) MAP POSITION: right end 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 
AGGTCGCCGC CCCGTAACCT GTCGGATCAC CGGAAA 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SBQPB NCE CH ARACTERISTICS: 

(A) LENGTH: 53 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: phi 29 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: DNA polymerase 

(B) MAP POSITION: ending at 435 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Lys Leu Met Leu Asn Ser Leu Tyr Gly Lys Phe Ala Ser Asn Pro Asp 
15 10 15 

Val Thr Gly Lys Val Pro Tyr Leu Lys Glu Asn Gly Ala Leu Gly Phe 
20 25 30 

Arg Leu Gly Glu Glu Glu Thr Lys Asp Pro Val Tyr Thr Pro Met Gly 
35 40 45 

Val Phe He Thr Ala 
50 

(2) INFORMATION FOR SEQ ID NO: 31: 



wo 94/2^66 



PCT/DS94/018d7 



55 

(i) SEQUB NCB CH ARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(v) FRACasBRT TYPE: internal 

(vi) ORIGINAL SODRCE: 

(A) ORGANISM: Pyrococcus furiosus 

(viii) POSITION IN GENOME: 

(A) CHROMDSOMB/SEOgENT : DNA polymerase 

(B) MAP POSITION: ending at 516 

(xi) SEQDENCB DESCRIPTION: SEQ ID NO: 31: 

Asp Tyr Arg Gin Lys Ala lie Lys Leu Leu Ala Asn Ser Phe Tyr Gly 
1 5 10 15 

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu 
20 25 30 

Ser Val Ttir Ala 
35 

(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 50 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLBCDLE TYPE: protein 

(v) FRAOSBNT TYPE: internal 

(vi) ORIGINAL SODRCE: 

(A) ORGANISM: phi 29 

(viii) POSITION IN GENOME: 

(A) CHROMOSOHB/SECaMBNT: D19A polymerase 

(B) MAP POSITION: ending at 485 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Trp Ala Arg Tyr Thr Thr lie Thr Ala Ala Gin Ala Cys Tyr Asp Arg 
15 10 15 

lie lie Tyr Cys Asp Thr Asp Ser lie His Leu Thr Gly Thr Glu lie 
20 25 30 

Pro Asp Val lie Lys Asp lie Val Asp Pro Lys Lys Leu Gly Tyr Trp 
35 40 45 

Ala His 
50 

(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOX.BCXVLS TYPE: protein 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOORCB: 

■iM ORGANISM: Pyrococcus fxiriosiis 

(viii) POSITION IN GENOME: 

(A) CHROMOSOMB/SEGMENT: DNA polymerase 

(B) MAP POSITION: ending at 576 

(xi) SEQDENCE DESCRIPTION: SBQ ID NO: 33: 

Trp Gly Arg Lys Tyr lie Glu Xieu Val Trp Lye Glu Leu Glu Glu Lys 
15 10 15 

Phe Gly Phe Lys Val Leu Tyr lie Asp Thr Asp Gly Leu Tyr Ala Thr 
20 25 30 

lie Pro Gly Gly Glu Ser Glu Glu lie Lys Lys Lys Ala Leu Glu Phe 
35 40 45 

Val Lys Tyr He Asn Ser Lys Leu Pro Gly Leu Leu 
50 55 60 
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WHAT IS CLAIHED IS: 

1. A recombinant DNA sequence encoding a DNA polymerase 
having an amino acid sequence conqprising substantially the same amino 
acid sequence as Thermus aauaticus DKA polymerase, but lacking the 

N- terminal 280 amino acid residues of said DNA polymerase. 

2 . A DKA polymerase having an amino acid sequence 
ccnprising substantially the same amino acid sequence as that of 
Thermus aauaticus DNA polymerase, excluding the N- terminal 280 amino 
acid residues of ^h^rm^B aquaticus DNA polymerase. 

3 . A DNA polymerase as set forth in claim 2 , having the 
amino acid sequence of SEQ ID NO: 6. 

4. A DNA polymerase as set forth in claim 2 that is 
encoded by a DNA sequence obtained in plasmid pWB254b. 

5 . A DNA polymerase having an amino acid sequence 
CQo^rised substantially of amino acids 280-831 of the DNA polymerase of 
Thermus flavus . 

6. A formulation of thermostable DNA polymerase cooqprising 
a majority coa^xment cooqprised of at least one thermostable DNA 
polymerase lac)cing 3 ' -exonuclease activity and a minority coo^>onent 
coo^rised of at least one thermostable DNA polymerase exhibiting 3 ' - 
exonuclease activity. 

7. A formulation of thermostable DNA polymerase as set 
forth in claim 6 ^dierein the at least one thermostable DNA polymerase 
lacking 3' -exonuclease activity is Klentaq-278. 

8. A formulation of thermostable DNA polymerase as set 
forth in claim 7 irtierein the at least one thermostable DNA polymerase 
eidiibiting 3 ' -exonuclease activity is selected from the group 
consisting of Pfu DNA polymerase from Pvrococcus furiosus . the Tli DNA 
polymerase from Thermococcus litorailis . or a variant of the Pfu DNA 
polymerase or the Tli DNA polymerase herein the DNA polymerase 
activity of said DNA polymerase has been diminished or inactivated. 

9 . A formulation of thermostable DNA polymerases as set 
forth in claim 6 ^^lerein the majority conponent and minority component 
of the formulation are present in a ratio of from about 10 units to 
about 2000 units of the majority ccxnponent to 1 unit of the minority 
component. 

10. A formulation of thermostable DNA polymerase as set 
forth in claim 9 ^erein the majority conponent and minority ccmponent 
of the formulation are present in a ratio of from about 100 to about 
600 units of the majority component to 1 unit of the minority 
cucnpuuent . 

11 . A formulation of DNA polymerase comprising at least 
one DNA polymerase i^ich in wild- type form exhibits 3' -exonuclease 
activity and i^ch is cs^able of catalyzing a temperature cycle type 
polymerase chain reaction wherein said 3' -exonuclease activity of said 
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at least: one USA polymereme has been reduced to between about 0.2% amd 
about 7%, of the 3 ' -exonuclease activity of said at least one DNA 
polymerase in its wild- type form. 

12. A formulation of DNA polymerase ocinprising Bl, herein 
Bl is one or more DNA polymerases i^ich lack any significant 3'- 
exonuclease activity, and B2, i^erein E2 is one or more DNA polymerases 
i^ch exhibit significant 3' -exonuclease activity, and therein the 
ratio of the amounts of Bi to B2 is at least about 4:1 by DNA 
polymerase units or (b) at least about 4:1 by amounts of protein by 
weight . 

13 . A formulation of DNA polymerase as set forth in claim 
12 herein B2 is selected from the group consisting of DNA polymerase 
encoded by genes from Pyrococcus furiosus, Thermococcus literalis, 
Thermococcus species GB-D, T7 coliphage, Thermotoga maritima or a 
combination thereof, and idierein Bl is selected from the group 
consisting of a mutant, 3' -exonuclease negative form of B2 or of DMA 
polymerases which, in unmutated form, do not exhibit significant 3'- 
exonuclease activity, such as DNA polymerase encoded by genes from 
ThermuB aguaticus, Thermus flavus, or Thermus thermophilus. 

14. A formulation of DNA polymerase as set forth in claim 
12 \^erein E2 cooprises Pfu DNA polymerase from Pyrococcus furiosus and 
the unit ratio of El to B2 is between about 150 to 170:1. 

15. A formulation of DNA polymerases as set forth in claim 
12 comprising a unit ratio of from about 150 to about 170:1 of Klentaq- 
278 to Pyrococcus furiosus DNA polymerase. 

16. * A formulation of DNA polymerases as set forth in claim 
12 comprising a unit ratio of from about 150 to about 170:1 of Klentaq- 
291 to Pyrococcus furiosus DNA polymerase. 

17. A formulation of DNA polymerases as set forth in 
claim 12 v^rein E2 comprises the DNA polymerase from Pyrococcus 
species 6B-D and the unit ratio of Bl to E2 is between about 450 to 
500- 

18. A formulation of DNA polymerase as set forth in claim 
12 coonprising a lanit ratio of from about 10 to about 15:1 of wild- type 
or nearly full-lencfth lliermus aquaticus DNA polymerase to Pyrococcus 
fiiriosus DNA polymerase. 

19 . A formulation of DNA polymerase as set forth in claim 
12 herein El con^rises a reverse transcriptase. 

20. A formulation of DNA polymerase as set forth in claim 
12 wherein Bl comprises a mutant or chemical modification of T7 or T3 
DNA polymerase and B2 comprises a wild-tyf>e T7 or T3 DNA polymerase. 

21. A formulation of DNA polymerase as set forth in claim 
12 wherein Bl comprises Thermus flavus or Thermus thermqphilus DNA 
polymeratse . 

22. A formulation of DNA polymerase as set forth in claim 
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12 herein El cooiprises a Thexmpcoccus literalis DN^ polymerase variant 
lacking any significant 3' -exbnuclease activity and E2 coo^rises wild- 
type Theroiococcus literalis USA polymerase. 

23. In a method for asplifying nucleic acid sequences by 
polymerase clmin reaction, of the repeating cycle type herein two 
cootplementary strands, for each different specific sequence being 
amplified, are treated with a single, a pair, or a mixture of pairs of 
oligonucleotide primers, and a DKA polymerase or a mixture of DNA 
polymerases is used to catalyze synthesis of an extension product of 
each primer i^ich is conplementary to each nucleic acid strand under 
effective conditions for said synthesis, and idierein said primers are 
selected so as to be sufficiently complementary to different strands of 
each specific sequence to h^ridize therewith such that the extension 
product synthesized from one primer, when it is separated from its 
conpl&nent, can serve as a teiq>late for synthesis of the cooplementary 
strand of the extension product by extending the same or another 
included primer, the primer extension products are separated from the 
ten^lates on ^^ch they were synthesized to produce single- stranded 
molecules, and the single -stranded molecules thus generated are treated 
with the primers and a DNA polymerase or a mixtiure of DNA polymerases 
is used to catalyze synthesis of an extension product of each primer 
under effective conditions for the synthesis of a primer extension 
product, idierein the inprovement cooprises formulating the DIUV 
polymerase as set forth in claim 6, and catalyzing primer extension 
with said formulation of DNTV polymerase. 

24. In a method for amplifying nucleic acid sequences by 
polymerase chain reaction, of the repeating cycle type vhBTBin two 
complementary strands, for each different specific sequence being 
asplified, are treated with a single, a pair, or a mixture of pairs of 
oligonucleotide primers, and a DNA polymerase or a mixture of DNA 
polymerases is used to catalyze synthesis of an extension product of 
each primer i^ich is complementary to each nucleic acid strand under 
effective conditions for said synthesis, and irtierein said primers are 
selected so as to be sufficiently coatplementary to different strsmds of 
each specific sequence to hybridize therewith such that the extension 
product synthesized from one primer, when it is separated from its. 
cooiplement, can serve as a template for synthesis of the ccoplementary 
strand of the extension product by extending the same or another 
included primer, the primer extension products are separated from the 
tenplates on ^ich they were synthesized to produce single -stranded 
molecules, and the single -stranded molecules thus generated are treated 
with the primers and a DNA polymerase or a mixture of DNA polymerases 
is used to catalyze synthesis of an extension product of each primer 
under effective conditions for the synthesis of a primer extension 
product, wherein the improve m ent cooprises formulating the DNA 
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polymerase as set forth in claim 1 , and catalyzing primer extension 
with said formulation of DNA polymerase. 

25. A method as set forth in claim 24 herein one or more 
of the primers utilized in any repeating cycle is itself a product of 
PGR amplification . 

26. A method as set forth in claim 24 further conprising a 
denaturation step in each repeating cycle %^erein the denaturation step 
has a duration of less than about 20 seconds in the reaction mixture. 

27. A method as set forth in r^laim 26 herein the 
denaturation step has a duration of less than about 5 seconds in the 
reaction mixture. 

28. In a method for asplifying nucleic acid sec[uences by 
polymerase chain reaction, of the repeating cycle type i^erein two 
conqplementary strands, for each different specific sequence being 
anqplified, £u:e treated with a single, a pair, or a mixture of pairs of 
oligonucleotide primers, and a DNA polymerase or a mixture of DNA 
polymerases is used to catalyze synthesis of an extension product of 
each primer t^ich is complementary to each nucleic acid strand under 
effective conditions for said synthesis, and herein said primers are 
selected so as to be sufficiently cooplementary to different strands of 
each specific sequence to hybridize therewith such that the extension 
product synthesized from one primer, when it is separated from its 
compl^nent, can serve as a template for synthesis of the ccnplementary 
strand of the extension product by extending the same or another 
included primer, the primer extension products eu:^ separated from the 
templates on ^^ch they were synthesized to produce single -stranded 
molecules, and the single -stranded molecules thus generated are treated 
with the primers and a DNA polymerase or a mixture of DNA polymerases 
is used to catalyze synthesis of an extension product of each primer 
under effective conditions for the synthesis of a primer extension 
product, i^erein the isprovement cacprises formulating a DNA polymerase 
ccoprising at least one DNA polymerase, ^ich in wild- type form 
exhibits 3' -exonuclease activity and i^ch is capable of catalyzing a 
tsnperature cycle type polymerase chain reaction, wherein said 3'- 
exonuclease activity of said at least one DNA polymerase has been 
reduced to no greater than about 7% of the 3' -exonuclease activity of 
said at least oob DNA polymerase in its wild-type form, but not 
eliminated, and catalyzing primer extension with said formulation of 
DNA polymerase. 
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Figure lA. The primer at the 5' side of the target fragment. 
The start codon is indicated with ***• 

Ncol Itr 20 30 KTl 36MER (SEQ ID NO: 1) 

GAGCCATGGGCCTCCTCCACGAGTTCGGCCTTCTGG 
^"^"^ I M t I I I I I I I I i I I i I I N I I I I I I I 
zngLLHEFGLLE... < — upper case are WT 

aa 

27S 280 282 284 286 288 < — codon numbering for WT 

aa 

AGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGG . . . (SEQ ID NO: 14) 

959 969 979 TaqPol.seq GenBank entry 

Accession No. J04639 (nximbering includes 5* non- translated 
region) 



Figure IB. The primer at the 3' side of the target fragment. The 
two stop codons are indicated with ***. To demonstrate the 
homology, the other (complementary) strand of the actual primer 
is shown here. 

— other strand— KLENTAQ32 35mer (SEQ ID NO: 3) 

Hindlll 
26 16 ff'k'k'k^k* 5 

GGACTGGCTCTCCGCCAAGGAGTAGTAAGCTTCGC 

llltllMllllllliillMM II 

DWL SAKE* 
826 828 830 832 
C^GACTGGCTCTCCGCCAAGGAGTGATACCACC (SEQ ID NO: 15) 

2604 2614 2624 

TaqPol . seq 

Figure 1 — Primers that amplify the gene for KlenTaq-278 
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UO 20 30 

GAGCCATGGGCCTCCTCCACGAGTTCGGCCTTCTGG KTl 36MER (SEQ ID NO: 1) 
*** I I I i I I i I I I I I I i I I I I I I I I Mil 
mg LLHEFGL LE»». < — upper case are WT 

aa 

278 280 282 284 286 288 < — codon numbering for WT 

aa 

AGTTTGGAAGCCTCCTCCACGAGTTCGGCCTCCTGG Tfl.seq (SEQ ID NO: 16) GenBank 
1387 1397 1407 entry Accession number X66105 

(niimbering includes 5' non- translated 

region) 

26 16 6 — other strand — 

GGACTGGCTCTCCGCCAAGGAGTAGTAAGCTTCGC KLENTAQ32 35mer 

illlillllllllllllllllllli I I i 
DWLSA KE* 
826 828 830 

GGACTGGCTCTCCGCCAAGGAGTAGGGGGGtCCTG Tfl.seq (SEQ ID NO: 17) 

3032 3042 3052 



Figure 2 - 
DNA. 



- The same primers are homologous to Thermus flavus 
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2 min. at indicated 99«», 98" or 97" , 10 min. 65* per cycle, 20 cycles. 

AmpliTaq KlenTaqI 
99** .8 .4 .2 1/4 1/8_1/16 <- ul perl 00 ul reaction. 




2 KB product size 



AmpliTaq KlenTaqI 
98® .8 .4 3. 1/4 1/8 1/16 



ul per 100 ul reaction. 




97* 



<— 2 KB product size 



/\mpliTaq KlenTaqI 
.8 .4 .2 1/4 1/8 1/16 <^ ul per 100 ul reaction. 



<- 2 KB product size 




Figure 3. KlenTaqI is more thermostable than AmpliTaq. 
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Figure 4 — 98** C vs. 95" C for four enzymes catalyzing PGR: 
AT, KlenTaq-278, ST/ KlenTaq-291 



Top^ figure 4A: 2 min. 98* C, 10 min. es*" C, 20 cycles 
Bottom, figure 4B: 2 min. 95* C, 10 min. 65*" C, 20 cycles 



AH3 AT KT-278 ST KT-291 ilH3 

std std 

3/4 3/8 1/4 1/8 3 1.5 1/4 1/8 
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Figure 5 — Colony PCR benefits from 98 • C 

PCR peak 2 ' : 95" 98*" 

Pretreatment : 100° none 100° none 
Lane: 12 3 4 



W0 9«2676( 



6/15 



PCT/DS3W/01M7 



Figure 6A^B,C ~ Large DNA span 6.6 kb PGR 

For all of these gels, the standard lane is a Hindlll digest 
of lambda phage DNA, and the 3d band in this digest is a DNA 
fragment of length 6557 bp. 

5 Figure 6A 20 cycles of 2 min. 94**, 2 min. 60**, 7 min. 72** 

ul of KlenTaq-278 1 1 110 22220 AH3 
ul oi Pfu DNA Pol 1/2 1/4 1/8 0 1/2 1/2 1/4 1/8 0 1 



6.6 KB ~> 




New Art Prior New Art Prior 

Art Art 



See next page for Figure 6B and 6C. 
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Figure 6B 20 cycles of 2 min. 94*, 2 min. 60*, 10 min. 72* 

ul of KlenTag-278 1 1 1 1 1 1 0 
. ul of Pfu DNA Pol 1/2 1/4 1/8 1/16 1/32 0 1/2 




< — 6.6 KB 




Figure 6C 20 cycles of 2 min. 95*, 1 min. 60*, 30 min. 72* 

ul of KlenTag-278 111 11 
ul of Pfu DNA Pol 1 1/4 1/16 1/64 0 

AH3 




j < — 6.6 KB 
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Figure 7. Amplification of 8.4 to 18 kb by Klentaq-LA 



Channel : 1 
Template DNA: XplacS 
ng of template: 1 
primer 1 SEQ ID NO: 9 
primer 2 SEQ ID NO: 8 
Size of PCR product 
Expected, 1n kb: 8*4 



2 


3 


4 


5 


6 


7 


8 


XpcytT XpcytT IplacS XplacS m38 1K138 


m38 


1 


10 


1 


10 


1 


10 


10 


7 


7 


10 


10 


7 


7 


9 


8 


8 


8 


8 


8 


8 


8 


1Z.5 


12.5 


15 


15 


18 


18 


19.7 



Conditions A Conditions 8 




1H312345678 XH3 




PCR Cycling Conditions A: 2 seconds 94*, 11 minutes 70*, 20 cycles. 
PCR Cycling Conditions B: 2 seconds 94% 11 minutes 70*, 30 cycles. 
PCR Cycling Conditions C: 2 seconds 93% 11 minutes 70% 30 cycles. 

IplacS is a lambda transducing phage carrying the lacZ gene. IpcytT is a 
XEMBX4-vectored clone of the cytotoxin gene region of Helicobacter ovlori DNA. 
1K138 is a XEMBL4-vectored clone of E. coli DNA spanning the lac operon. 

XH3 size standards visible are 23130, 9416, 6557, 4361, 2322, and 2027 bp. 
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XH3 1 2 3 4 
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Figure 10 



Lane: 
target size, kb: 
primer length: 

template/I 00 ul: 2 ng 10 ng 

XH3 XH3 
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